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Seeds 

FifeLD OF THE INVENTION 

The present itaiventioa relates pfflrticuIarJy, Qiough not exclti$ively, to merthods for modifjictg 
seed sizft ia plants especially floweadng plants, Th& Ijwmdou. also relates to nucleic add 
constfucts for use in s«ch uaethCKls, as well as to modified plmt& and reproducible ^i«Iant 
aiataxial p^r^^. 

The seeds industry caa Spfit into two high."VaiBi&» conunsiciai sectors: s^a3:d$ for field 
crops siach as cam» oH seeds/sugar beet and cereals^ a^d vegetable and flower seed, the 
scientific improvemeat of ciop plaitis has gone through a sxiccession of InnovatiOBS tending 
to tha developjxent -of hybrid vaiiede$ for many crops atid, most recenlily; to the 
iniroduction. of genetically eiihaBCsed crops. The worldwide coromerciaJI $eeds ifldjfcet is 
valued at atoxnad $30 billion OtaematioQai Sefed FederatioiiX 

1. Impijnrtmc^ of seed size 
. Ykid in ccop plants wh^ seed ifl the harveisted pxodwct is Tdsually dij^ed as wfci^t of seed 
faftrvested per unit a?ea ODuvick:, 1992)» Conseqnefttiy, individual seed w^^t is regarded as 
a major determinant of yield. Incxeasing seed size is desirable (j^suse it may in£5»ase total 
yield (Reynolds etal^^ 2001). There is also avideoce that $eed size (weigjvt) i&.posilSveIy 
conelated with a niiaxiber of components of 'seed quality' such as the percentage of 
gerxoinatioii (Scbaal, 1980; Alexander and Wijiff; 1985; Qubcffftc eral dms to 

eme^-gence OVinn, 19S5; Wulif^ 1986); dnrabdKty (suxrival nsder adve^5j? growing- 
conditions) CK^Ajxnita stal, 109 It Man^ ai^d Yadav, 1995); aad gio'c^th rate (Majrahall, 
19S6). Seed qualily is an important factor in the cost of pioduciioii, of comflo^ial seed lots 
since laaese inust be tcatsd before ^iale. Consequendy, jtoreasiflg total seed weagjjt^ even 
without inczea$&s in total seed yield, isft^y have oconotnic tenefitsf through iraipro v-ements in 
$eed quaHty, Canversely^ decreasing seed size may also be desirable in so^ne ci£coznstance$» 
for example by facilitating watsar uptake required fosf fenninalion (Harper et dL, 1970), ctr ifi 
plants grown for their fhiit 



1 



lilithers a Rogers 



Fax:4411792^3530 



Modificatioa of seed 5iae is also likely to impf ov& yield thxougii ^rynraa QSng tfa© *sijdc 
§?;recigth* of the sfted (i.e. its capacity to demand Tjutrients from the seed parent), or 
inoreasin^ th& periodic vvMch t{^e seed is acting a strong siiik. It is well astablished that 
the demands of sink oorgsns such as seads have sigoificant control ov^r tha rate of 
photosynthesis aad tlse moveiaertC df |diotoassl2nilate& from source to sink ti&^ues (Patrick 
and Offler, 1995; Paul m4 Foyeaf, a)01). ia wheat, &e seed parent can supply moire • 
nutdents ihm developing seeds are able to damand for the first .15*20 days after poUinatioft 
{Aiistijv 1980). Hienefort; modiacations than enablft Seeds to draw lititriems earlier in 
developniewt, for example by speeding tjp seed growth, allow seeds to capture 
resources that wotjld oiher^vise be wasted. An 'improved soiiisje-sini: balance pesamt&ng 
Mghfix sink demand during grainfilling' has also beea praposed as a jnefliod for incieasing 
yield in wheat (Reynolds et aL, 2001). 

2. Cobipedidon of s&bd$ 

Matttre seeds of flowed^g plant? <iOBsist of three components: the seed coat, t^l^h is trf 
exclusively materaal oiigjto^ and the two fertffizatloft products, embryo and en<Jospena, 

which have matenwl andpateznal genetic coutributioos. Seeds develep from fertilized 

ovules. Ovule developmdiiit has hem desctibad for iHtoy spec^ies (Boiiman, 1984), indttding 
Arabidapsis: thxiU^ma {Robinson-Beers Qt al, 1992; Schnete etal, 1995). tie m^n 

stcrjcturess of the mature ovule ar^j the embryo sac, whiah contains the feraale re^JirCJductiva 
ceils (egg and central cell); the nttcellus, wbich suimunds the embxy o sac at Isajst paniallyj 
and the fcuw&r and outer integuments, which envelop tfee embcyo sac and noceHus- Ater 
fcotifization fiie ernbiya and natcitivB endoapeoa develop-inside fee exabryo sac whfle the 
integuments differentiate into the seed coat, which expands to accommpdate lim .groTsdaag 
endospenn and fiiribryo. 

Most monocotyledoiioys plants, e,g. cereals including maize, wheat, rice, and barley (see 
Es&U, 1965), prodiaoe albuminous seeds— that is, at maturity th^y contain a snx^ embiyo 
and a fel^lxYeiy massive endosperm. Most dicotyledonous plants, e,g, Srassica napus, {oil 
seed rap&, cajiolaX soybean, p^anift, PhaseoJus vulgaris (e.^. kidney bean, white bean, black 
bean) VIctafiiAa Qroad hem}, PUt&n sathnun (green pea), Cicer aeietinum (chlofc pea), and 
L&iTs cuUmris (lentil), pioducc exalbuminous seeds— 4hat is> the maime seeds lack an 
endosperm, £i such seeds ihB &mbryo is hxgQ and generally fSls most of the volume of the 
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^-ed, ^nd accounts to aJmost the «i£h« weight of tte ^ed. In exalbm^^s .eeds ^ 
endosperm eph™i in Batae and reaches maturity whoi th^ .mbryo is sxi^ »d 
• highly i^^tuxe (usually heaxt^o^^^io sta,e). Cc^only e^bxyo devel^j^^t dep««ds cn 
of the eadospenn, wMcIx is geneiaUy ^eepted to act as a sonr« of mn^^a 

for the eattbryo, 

3. Control o£ seed size 

Se«isi.ecaa^ol<:»beviewed&oma.p«Hpectiveof(l) •d.velopn^nf - &e e:«ent of 
cell d.vf.io. e^^sfou in oa. ««o« ^ compo„«,t. (e.g. Re:ddy Dayn^d. 
19S3; Sw^jiketal. 19S7: Scrtt^«?.. 1998: Gtoia 2003) or(2) '^^.t^oW- 
metabolic act,Mr, ^d ^n.port of «utdents the «*d and bctwc^i the seed a«d ^ed 

P^ntCg. Weber 1996, 1937). r....lopi.e«randn.tafaaU^ax.imardepe^ 
e^ple, invertase activity (involved in bexose tra^p<^) « ^ bomdary of n^atemal 
dssaes aad e^dOspenn or «mfeyo sac is i^qm'red far e^dospec« proM eratioa fu maize 
, CCl^^'^^, 1996). a.4hi^ mvemseactivityisoanelated wlthi«d «llnumbe..in 
br^ad bean ..ed coat (Waber 1996), legume embryos (W^bar .r al.. 1 997) barley 
.adosp^xn (Weschke .r.zL. 2003> 0«rpx«:»t inve.iig.tlon. focus on the 6..^o^c^ 
aspects of seed siie control, although it cm be assumed that changes to cefl 
divi We.pando„ » tfa. will afco be Cc^lated with change, ^etaboEc activity a.d 

3^ Endos:perFn4ed seed growth " 
Several ,m<fies show a coExelation between endo^em ^wth W seed d« for 
example ia»aizaCLi^ 1984; Jone. ^«/., 195-6). and even in the dieotAr.t:^^.i. 

which haa ax, eph«««ral endosp..:^ (Scott ,998; G^i. 2003>. W«rk 
m O^l^^or^toxy has shown that overprdlife^tion of the endo.penn lead, to large ^ 
w^th toge«nb^a. while inhxlrifion of endospexnti«olffe«ci.n produces «eed. with 
amall exnb^os We have ma^puiated endo^e™.p^oli£eration and aeed ^ , 
of anelfaods. ^.cludi^g i^odifi^tions to the ^^^^y to ^tecnaUy United • 
cl^on^son^s in the a,do.p«nn..<^e«e4^^^^ 

.rr.. 2000). Xa these sxpemnents we Conddex^d the re^tant cha,.ge8 io «cdg«,wth to be 
-.ndospem^led'. and effects on the e«l«yo and the .eed <^ to beindix^ct Some of o«r 
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experimeDte specifically mUd out a direct effect on seed coat ^c?wth "bex^ause the seed 
parent was wild-type and only th© feitiliaation products were <arec?tly modified: for 
Bxajnple, in the case of wild-lype diploid $e$d patents crossed with, tetaaploid pollaa 
paiemts, which prodttce large seeds (Scott ai^^ I992t\ or ^Id-type seed pareijte croBsed 
with pollen parents IiypomeiiK^kted "by a DNA MEimLTRANSFERASE I antisense 
construct, which produce saiall seeds (Adams ei <d,, 2000). Siimlaiiy. Gar^aa et dL (20G3) 
desctibeai the toiJbc mtitaats of Arabidop&is ikmliana. which produce sm&31 $eeds dii& to 
$^]Ly an-est of endosperm proKferation. The m^0T& noted a failure of cell elongation 
ftft&r f eardHzation in the integaments of haiku mutants, acid conclnded this was an mdrrect 
^sffect of Ihnitisd endosperm growth, 

AIonso-Bla^co et al (1999) inyestigat^l seed size in wild-type pla-ots of two Arabidopsis 
ihalima accessions, Cvi BXidLsr. seeds of thefoimetf weigh 80% uxore iiiaii seeds of the 
latter and axe 20% longer. In hoth accesaons, the authors found that *&eed coat and 
. <ipdospeim growth preceded embryo growth, detennimrig the overall final length of the 
embryo and the seed\ Tbey fid find that the outer layer of the nmturfi seed coat has more 
cells hi Cvi than Ler, but did not investigaie or comment on whether these ^xtrB. eels -were 
formed before or after fisrtnization. Moreover, the authors" inspection of mature oitfertilissd 
ovules showed that ovules in Ler wears slightly longer than in Cvi, did therefore the authors 
concluded that 'ovule sise differences coidd not account for the final Ler/Cvi seed size 
variation*. Their overall major conclusion v^m that "the larger size of seeds coonpared 
• vdth Lee i& mainly because of faster and prolonged growth of die hrteguments and the 
ertdospenn^ (Lc. after ferfflization); they did not adifress the question of whether this growfii 
was ted by the integuments or the endospeam. Th& authors suggested that tlh^: final cell 
number and size in the se«d coat 'may be detemuned daring ovule development', but 
significantly, thwe was no suggestion that a largear number of integoment celte before 
feriilizaliQn was responsible for a larger final seed size. 

Weber &t al. (1996) compared growth of the seed coat m large- and ?xnall-seecisd genotypes 
of Vidafaba (hrosd bean). Th&y found that large^s<!:aded genoQrpes contaiasd more cells M 
Tfce seed coat at 9 days after pollipatjoxi, but ceU numbers in the two genotypes wesre similar 
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at 4 days aftear polHnatioiOL- Therefore th& nwmber of c&Us in the integuments befon^ 
fe!irdU:$&ti<?Q could not be a factor ia £nal seed sjbsie* 

Relevant patent pubUcsUons 

Fkchej; aiid M33iia3=;ami <^20Q31 'Methods fctf Altering organ ma^s in plants'. US Patent 
ApoKcatioii 200301591 SO 

Mutations in tfee Att^fTEGUMENTA (ANT) gene of Arahidopsij^ thi^Uma pieventfcrroatim 
ofthemtegamesnts CKHudh^r^fii/.^ 1996: Bater^aZ.* 1997), Mzufcaxai a^ad Hscher (2000) 
describe tfa© phoncrtj'jpe of ^rafa'iibpjis fMimff plants ovex-^pressing wild-Qrpe ii?VT 
gene iiudi^r the control <if the constitutive 35S promoter. Ectopic ANT ectprefesdon increases 
the size of intoy plant orgaj^s including seeds, as well as cBxxmi^ unale sifcidHty to^ogh 
faiiuxe of an&er dehisceiice. Most of tiie tiansgertii? plants arc also feaiaale stisdle 'because 
of abnotfmajlly extended paroiifeiation of the chajaxal nuoellai* cfrlls'. However weak 
over&xpressers couW generate seeds after band-pollination Willi wild-lj'pe pollen. *The 
firtlaxg^ J5S;.-A?W finiit included 12 seeds that weie larger than normal (not shown isk tibe 
applicadoft), bescaxis© of enlar^ embryos/ TTfee size of impollinated ovules, and the 
irombejr of ^26 of gells in liie integaments/seed coat, w«Sf not investigated or discussed. 
TiR9 laig© seed siae of J55;.vWr 5ei?d$ was atfciibnted only to size of ttie nuceK^ ^and • 
embryo- US patent application no. 2QQ30159IS0 describes xiees of a modified ANT 
polypeptide for altering the^ $ke of plant organs inclnding seeds. It wa5 reported that Jihe 
transgenic plants bad varying degrees of fertility dmt not correlated with orgto size. 
Th^e was no investigation of the effect of expressing the modified polypeptide on 
integument or seed coat growth. 

m Jdfabn and Qkamnro ( 2001 \ ^Methods for improvmg s6Bds^ US patent 6,3a».5f;7 
Mutations in the A^BTALAl (AP2) gene increase seed size (Ofcamnro and Jofiiku, i$97}- 
Ihe ffiutacions have a mat^intal effect on s&M size but the only pbcssnotype described for the 

iiiteguiiiient/seed coat in ap2 mutants is that the cells of the outer layer of the seed ooa* axe 
enlarged with aa irxegular shape, along with some other morphological abnormalities 
(Jofisku etal, US patent no. 6,329,567 desoribes methods of modttlating seed mass 
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using AP2 ti?aia5genos, but fbis patent dpes not assess any effect of the tmagenes on the 
integtiments or seed coat. 

-L& jAmt^^r. Btnl. fZQOS^- *ReggIatittg ntifclcic ac id for BXtMressSng a polvmicjeotide of 
ifttftraat s pflflificallv in the endothelium of a tylt^i Reed and iisss fefeffSOf ■ WO 03/012106 A2 
•Die SAIVyZ7L5 (liSiW) gene is dXpressed exclusively in. th& irmer layer of the iniaer 
integuiS>6joit (this layer is also caBed the endothelirai) in early s^^ed devaopmenC (pre- 
globuJar stage) (Devic e-^ I IntenrntioBal patent application WO 03/012106 A2 
describes use of the ^iWpxoraoterto drive expression of various genes specifically in the 
testa (thfc seed coat layar derived &om the inner iategument). tlie author^i propose uses such 
as mcdifymg the xmwxi or fib!» composmon, or itos Iioimottal equilibrium^ but no nBlWtot 
eocpression cassettes were reported or described. Modification of seed size is also proposed 
bm only iu the-cootext of reducing or ablating seeds in frait crops, A BA^ 
^mot^i\BAENASE constiuct was shown to ablate die endotheliiraL 

T^^^^rf^f ^\^ at f2Q0m. ^Regulated sxxtfesi^oii of genes in plaint $eeds% -^7000/63401 ' 
This pacewt sg>plication relates to expre^don of ^cncs such as ipt tet 'af&tt inetabolically 
effective levels of cytofciniTis in plam seeds, as well in the matefmal tissue feom which 
$9ch seeds adsfc, inclxiding developing ears, female inflorescences^ ovaries, feroale florets, 
aLeUiona, pedicel, and pedicel-forming regions' , and to transgemc plants with enlianced 
levels of cytokin^xi tjmt «ixhibit 'impsroved seed siae, decreased tip kexnel abortion, increased 
seed set during uisfavoKable environmental conditions, aaad StafaHity of yield*, A jSJCf&Uus 
promoter {nnecdlw is the matemal tissue snrronnding the sntibEyo sac and einolo$ed wilMn 
the integmintotgi) is among those siggeated fbr driving expcession cassettes, btit integuments 
are not specdficaUy mentioned in ifae psttenl appEcation, nor wera any maternal time- 
spectfio iftxprassion cassettes dsscnbed- The dificlosxtee of this pafant appHisatian is 
particuiaf iy oon^emed with znaize- 

fv) Scott r20n 'l^, *MQdigeddant5\.WO/Ql 09299 

Thi$ patent application relaes* to methods fosr controlling endospetm and development 
tfarougb. use of an antisense DNA MBTHYLTRANSFERASE I gene that lednces cytosine 
• Hiethyladon. A$ dsscadbed in WOOl/09299. and in Section 3a, above, modification to the 
cytosirte methylation statas of the seed or pollen parent alters seed sxze by altedng the raie. 
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andextfflit of endosperm pmlife^iion, Tli^i^re the diaclosure of this patent j^^jfication 
relates exclTisiwsily to 'endospenn-led' seed growth. 

hx suiten^. doojments m the prior art do not include m understanding that tdtering ii,e 
size of integumcEts specifica% t^ugh increasing flje number of cefis before fenilization 
could affect seed size after, fertilization, A number of ptiblished pap*>^ aad patent 
applicatioiis touch on apossible relaiionship between seed coat size and seed size but do not 
m*e a linfcbetweea (3) iRtegwDsnt growfe pie-fertilizaiioo and (2) iinal swd size.' 



5. 

Wft wftfft $tiipdsed tterefore to discover in our laboraioiy a mutant, tenne-S the mnt-I 
mutant, that produces enlarged 8*e<fe through a primary efect on tbe mtesoments. ' 
SpecificaUy, we observed dmt ihc s^ed caviiy (Le. ^ space wMrin tbc post-fartillzaiioa 
embryo sac) is longer than normal giving The embryo mofe apace to grow as aiesalt <if an 
ro<sr^e ia cell number in tim integument. This was partiealatly surprising in view of &e 
earKer research DMsntiQaed in section 3a above which indicated diat changes in seed growth 
were 'eudospenif led'. B: was atso suipdsing in view of the worJc of Aloaso-Elanco « at 
(1999) mentioned in sectiot, 3b above which did mt suggest that an increase m ntimber of 
integuments Cftlls ted to an incmaae in seed size; and also in view of the wcdc of Wefaer etal 
1999 who found similar numbers df cells in flie seed Mat ia small and larga-seeded 
genotypes of broad beaa soon after featilizatloix 

The foUowii^ non-limiting definitioiis of temiit used in this spedficalSen are gtvm by wsijr 
of explanation. 



"Nucleic acid sequence": refers to a single or double^sceanded polymex of 
deoxyribOKlucieotide or ribonuclcsotidc bases read ixom the 5' to the 3' end, ^H-nr^i^^ 
chromosomal DNA, plasmids, infectious polymers of DNA or RNA and DNA or 
RNA that peiforms a primarily structural lole. 



"Orthologues": refers to genes daiwd from a 6cmaa ancestral gene and which j 
found in diifwpnt species as a result of speciaflon. CSene? found in diSfcrent gjedes 
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are considered ortbologu^s when thfjir inaclBOtide sequeixces and/or thdr encoded: 
prot^B. sequences bave a high peiceatage of sequence identity and/oar dssilgiity. 
FuQctLoii* of orChologues sxb often highly conserved aiaoxxg species, 

"Homologae": A gene {or piPteinJ ^ith a siraiLarnucleoticis (or atfiiao ^d) sequence to 
another gene (car protein) sn th$ same ox atxother specks. 

"Pi^o jwoter" : a region p?r sequence located upstream and/cr down^tiream from 
start of Ttan^cript^on involved in recognition am? binding of ENA polymerase and . . 
oiiierpiotein3 to initialaji tenscxiption. 

"Plant promoter" a ptomoter capable of initiating traascription in pknt cells. 

**Operably linked*' refers to a fiinctimal, linkage between a piompter and a jySSLA, 
sequence, wher^m the proaaoter sequmce initiaiea jand mecfiates tianscription of tto 
DNA Sequence. Generally, operably linkisd means that the nucleic acLd se^Juences 
being linked are contiguous, and, 'ivheie necessary to join two pxoteia codiog 
region, contiguous and hex same readiiog frame. 

"H^t": includes whole plants^ pimt parts, shoot vegetative organs and/oir stdictor^ 
(e.g* leaves, stems and mbecffi), jcOote, flowers and floral OErgaa$ Iwacls, sepals, 
petals, stamens, carpels, antterB)» ovules (including eg-^ and central ccUsX seed 
(iBOlwding zygote, emhcyo, endo^ernx and seed coat), fi^t C^-Sm mature - 
ovaiy), seedlings, plant tissue (e.g., vascular tissue, ground tissue), cells (e-g-, guard 
cells, egg cells, trichomes and the Jatee), and their pfogssny. 

^Tlattt cfeir'; inejodes cells obtained fbom or found in &eed:s» Suspension ccatuxes^ 
fefiabryos^ mesifltfimal^q xegions, callus tissue^ leaves, rootS, Shoots, sametophytes^ 
spoxophytes, pollen, and niicnjspores. The terna plant cells also includes robdified 
ceUSi fiufili as protoplasts^ obtained from the aforeantientioned tissues. 



S 
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SUMMARY oj^TBRmsrmxiON 

Accotding to one aspapt^ th* present inveiition provides a method of modij^g cell 
ftfolifeiatioii in a plmt wliich comprises rht itep of tcasxsfamHiig a plmx ot plant 
jptfopagating materfal with a nucleic acid molecule comprising at least orte legulatcjay 
sequence, lypiipally a promoter sequence, capable of directing expression withia the 
integument^ ancVor seed coat of at least one nucleic acid sequence whose expression or 
transoriptiSon product Is capable of directly ac indixQcHy modiilaTJcg cell proliferation, 
wherabyj on e?«qpnoSsion of &at s«qnttnce» call proKfesrsccion is modififid. Ptefeiably, the 
ov43xa^a size of the integajnents/seed coal: in the plant is modified IHs may he useful wfaens 
a piXidvcc is produced in the integument/seed coat In the pf efeaxed embodiments^ the Twill 
be achieved witbom affecting the growth or developmBnt of any part of <he plant othetf &an 



In one enibodirueBt, thc^ fhncdon of a gene or gene product that promotes ceH division is 
*x]^hTOQed oar the inxiction of a gene or gexie prodnct that ropresses c&H division is inhibited. 
Cell divLsiqjn. in the integuments/seed coat raay be iaereased iftSttltiAg in a larger seed 
compared to wild vyp^ Ths may be advaatageous because increases iA deed size can be * 
achieved which are desirable as mentioned above. The seed may be at least 15%, ot 25%, 
largea: thaa wild type. The number of cells in die iijtBgtanents/seed coat of tbe plant may be 
iacrea^ compaied to wild type- The number of cells in the integonasnts/seed coat of the 
pLawt may be increased by at least 30%, Or 50%, compared to wild type. 

Equally^ the method allows the production of smaller seeds which can also be: adv^tntageons 
as mentioned above, and in another embodimfimit, ihs function of a j:ene ox gene product that 
paromotes cell division is inhibited or the function cf a gene product that i^resses ce21 
division is enhanced. Cell division in th^ iniegnments/sccd coat may decieased resniting in 
a srwaller seed compared to wild type. The seed may be at least 15% or 25% snjaUer than 
wild type. The mmiber of ceils in the integirniepts/seed cost may be decp*a&ed compa£5&d to 
wild type. Sa particulai the nmaber of celb in Th& integuments/sead coat i»ay be redwed by 
at least 30%, or 50%. compared to wld lype. 




) 



the seed. 



9 



Withers & Rogers Fax: 441 179253530 25 Man '04 16 :57 P. 13/91 



The function of a gene timt modulates cell proliferation may be ^i^anc&dr Transciiptioa of . 
the gend is activated. Activation of Ttauscdptiou lesults in increased levels ofmRNA 
and/ot protein encocted by the geae. 

A plant pxOfflaotea: may bo operably Imked to a coding iegion of the gene in tfae s&tm 
prieatatioiL The ftmction. of the g^e may be anodclated by qperably linking a plant 
proaaaofsr to a nucleift acid fragment from the gene to form a iBcoidbiioant nucleic acid 
molecTile siieh that an antisense strand of RNA will be transixribed. 

The fenctiaa of a gene may b& modulated by introducing a nucleic aeid fragment of the 
geae into an appropriate vqictor such thai double-stranded RNA is transcribe whera: 
direcDKi by aa operably finfced ptot promoter* Decreased levcsJs of mRNA aiod/or protda 
tsncoded by endogeaious copies erf the gqme joj^y be pnxiaced. Levels of mRNA and pxottdn 
eiBcpded by homologues of the gene may b& leduced 

Thfe function of tibc gesaa may be modulated by operably finking a flmt promoter to a 
'dominant negative* allele of the gene* which inteafares with the fimciioii of the gea« 
product. 

Th^ plant may be monocotyledonoias, and is ptefembly a crop plant For exajnple, the plant 
may be Tr^cum spp (wheat). Oryza sariva (dee), Zea mays (i&aize)» H^rd^^im spp. (barley), 
Secede cereals (ly&X Sorgkmn bicolor Csorghum), or Pennissttm glcoioan (pearl miUBt)- 
AitexaatiVB'br the plant is dicotyledonous. For example, the plant is Bram^ca /tapaj- (oil 
seed rape, caaola) or aiay odier Bmssica species used to produce oilseeds (e-g. Brassica 
carinma), Oiycim max (soy!?eaBi), Arachis k^pos^a (petamit), HeUtmiJms mnuus 
(smuflowsr), Pkuseolus vulgaris (e.g, kidney bean, white bean, black beanX Viciafiil^a 
(broad beaii)i Pisum sativum (green pea), Cicerarietinum (cfaick pea), Lstss cuHnaris 

(leiAtil), OzLdnum usitaiissimiim (flax, linseed). 

Integament and seed coat development i$ similar an all species «?camiEji.9d in the faamly 
Brassicaceaft (Bouman, 1975), to ^bidiArabid&psi^ thallana belong. MBrassicaxapus^a. 
crop plaat closely related to Arabidopsis thaSam, the seed coat is ajso very snnilar in 
structme (Wan 6r a/., 2002). Thexefoce modifications that ajSfect srowfe and development of 
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i-tega«,«n£s/seed coat in Arabidc^sis a^aUana should ^ dJwcay applicable to members of 
thft Brassicffime, includmg Jimstca n<5?as. 

The nwiure seeds of monocots su*l, ^ ^^^ais y^-^^ ^ ^isdi^ct sUuctoe. However cereal 
ovuW fca-^^^ib^daxnentel similarities with ovules ^iArabidop,is th^ic^ and other dicois. 
also consisting of iattsmttaulS todosiug a aucellus ^mlxryo sac.) Li rice, fox example, 
the i^er iutegnment sndosas tfee ovule before fertilaation. and its gcowth prtCcdes-.that Jf 
Ae endospetm aad ambryp. as k Arsfe/dcgj^fa rteffisft^ (Lopez-Dee et al^ 1999). tiberefoie 
modlficatiozi to ga,w& afa^ integunujuts/sead eo«t may also be effisetive i„ altering 
oveiaJi seed g«>mh ia censal crop& Sperffically ia ric» a modificarion to gjosvifa of the 
inner integumcBis may be useful in moda^ns seed siza. 

It is notable diat the INO gene. wHc* in Arat^iOopsis thaliam is e^ressed m the oatar 
integument andrftg^jr^foritsgrowa (Villanueva c/., 1999:), has b«n identified in 
i^huaa atba Cwa«er fily), where it is also expressed in The inte^nients (Yamada at al.^ 
2003). AS flte NiatqAaeacBaB are hasal eudicots, which are ascestial to bofe dicots and ' 
monocots, t&is suggests Hiat tto sequence and expression patteras of at least some 
integument genes will be conserved even.aniong distandy rejaied groups of flowering 
plants. 

r 

The present invention is oompleinentaiy to tht invBntian disclosed in WO0iy09299. 
Modificadon. to endospeu^i-Ied and integumenMed seed growth conld be combined for an 
even laxge^r effcot. la some situations integumcnt-led seed growti, alone my be ptefisfitbte 
as it only tequites modification to the seed pai^t, while endosperm growth is determined' 
both by maiesaal and paternal contributions. 

When!: the lesnlatory sequence is apnnnater, the promoter sequence laay be Con^tutive 
du«<ndnggen6eXpre88ioninmoatorallcaJl8oftheplani. Ane^ample of aconatitudve ' 
promoter am ntay be used in someemfacdinisats of the invention is the 35S promoter 

derived&omthe^enetkatKtcodestheSSSsubnnitcrfCaBliflowerMosaicVi ' 
coat pmt*m. Alten^atively, the promoter seqn^e niay be apedfio, diiBcting e«j^on 
exclusively or primarily in one organ, tissue, or cell type of tfee plant A variety of plant 
pronwters can be used in the invention to direct expression exchisively or primarily in toe 
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itite:g:ai!n&afcs <?x coat. Suitable plant promoters, indude tliose obtained from plants, 
plant Yiiuses, and. bacteria which compd-se g^ncs expressed i)x plant celis^ such as 
Agrobacstedum or RMzobimn* Soijcie embodiments ase poxjmoters eoip3?ess6d in tb& piE- 
fertilizadoix itXTegraients. These indudfi but are not restricted to the picoflsotfirs 6f the' 
following genes: mO (Villanueva e£ dl.^ 1999; Atljg23420, accession no. AFi95047) and 
BELI (Reiser et aL, 19^5\ At5g4I410; accession no. ]NMJ23506)- Other embodyneo® m& 
promoters cxpieSBed in the seed coa? aftecr fexdKzation. These include tot ace not lestricted 
to thepromotfia's of the following genres: BAN<J^^vic er^xl, 1999; Atlg61720, accession no. 
AP092912), TTI (Sagasser et al., 2002), 772 {Hesi etaL 2001; AtSg35550; accessi<wino- 
^M_122946X TTS {Nesi ^z^., 2000; At4g09820, accession.no. AJ277509X m2 
• (pebeaujon eiuL, 2001; At3g5$030» accession no, AJ294464), and 7Ti6 (Nesi df„ 2002; 
Al5^260; accession np- Where a fpioitLOter is to be introduced into a pteni; 

a poromotex-Gonlaimng nuclftotids seqaence of np to 3000 bp would typically be used. 

The use of otbsr xegalatory sequences than apitinjotBr to direct exgcression within the 
interments and/or ss&d coat is contemplaced. An -example is an intron direoiiQg tissue- 
i^e^oiflo egression (sec Deyfaolos and Siebuith, 2000). 

Th&x^ i nximber of genes fcnown or suspected to b& involved in modulating cdi 
prolifeiation, eitber diiecdy or indirectly. Some embodiq:xents of the invention Use gienes 
involved in hocrtaone lesponBeF, biosynthesis, translocatioiii or other aspects of h ozmone 
acdoiL The§e irtCslude but are not restricted to MNT (described above), IP77 (Tafcea £t al., 
2001; Atlg68460v accftssion no. AB0626Q7), aadAJflGOS (Hu ^^al, 2003; At3g59900, 
accession no. AY305569). Other enxbodiments use core ceU cycle genes (Vandepoele #f aL, 
2002)- TliBse include but are not restdcted xo CT€D3;I (fOEmearly CycS3; Soni etal., 1995; 
Vandcpoele et al, 2002; At4g34IdO, accession no. XS3371) and CrCB2;2 (fonnerly 
CyclaAt; Feoeira et aU Vandcpoele el ah, 2002; At4g37490, accession no. 
NM_119913). Other embodiments use transcription factois involved in regiil^ation of the 
extent or rate of cell piolifeiadon. These iijcjlugle bttt are not restricied to ANT CKJucher &t at, 
1996; At4g37750* accession no. NM:„1 10937), 

An expression cassens my be nsed eather to enhance orinMbit laifi function of a gene that 
nxodoletes cell proliferation. 

' 12' 
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One method of enhancing function Is to activate naii$c£%iriw ofrU^ gene, maltingm 
increased levels of mENA and protein encoded by fhe gene. This is achieved by linking a 
plant promoter to the codii^ lelpran of tiie gene Ceithar wUh or without inttons) in the sens 
oaiencaition. 



Eaiuhition of geine function may be achieved in eesveraL ways. One method, which ases 
•aniisense technology', is to link a plant piDmotet k> a nucleic acid segioeatfiom die deadied 
gene such that His antisense strand of RNA will be transcribed (see e.g. Bianea et aL. 2003; 
Choi St al^ 2003). Another method, which tis^a 'RMAi (eohnology', is to lint a plant 
promoter to a nucleic acid segment from the desired gens and place the lesvdting 
tscombiaantmjcl&ic acid into aa apfwoptiate vector sv»5h that double-stranded ENA is 
transciibed (Wang and WalaHouse, 2001). Both of these techniqiies may result in decreased 
levels of aiRNA and protein encoded by tbe endogenous copies of die geae. A nucleic add 
fisagment &e antisense or SNAi technology may also be designed to deraease levels of 
mRNA and iwotein encoded by Ijoraologues ca: oithologues of the gene. A tbini method af 
inhibiting gene function is to link a plant ptomoteaf to a "dfaminant negafve* aiyif^ of the 
gene, which biterfefe$ oegaiivejy wSfli die fttaiCticia Of the gene product (see e.g. Bemedy et 
aL, 1995; Nahm si aL 2003). ti die, case of inHhition of geaes Ce.g., by ear tbs use 

of RNAi Technology) it wiU be recognized that the inserted polynnclcotide sequence need not 
be identical, bun may be only "substantially identical" to a seiinence of the gpne fiatn which 
it was dedved. 

AltBrnatively, the nucleic add sequence is a mutant fonn of an amdn response fector 
encocfing gene, or a oonstmct that inhibits eKpresBion or function of an auxin ntspoiM^ 
fector. The auxin response fector gene may be iMTW" in the ease of Awrfeirfopais thaliana or 
its orthologoes in o&er speeaes. In the case <if3rassica napas the gene jway be BnARF2 as 
used in example 2 below. lis the case of rice the gane may be OsAltF2. The mTit-S vmtmi 
phenoiype shows tiiai die wild-type ftinction of the MNT gene is to repress oell division in 
the integuiDsnts. Therefore inhibition of endogenous MNT expression or function may 
result in larger integuments and a larger seed, while enhancement of MNT espression or 
function may result in a smaller seed. 
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In some €;uibo4im^t^ of th* inyencLon, cell divi&ion in the integumcnts/'seed coat will be 
incieased, resulting ra a larger seed compaied to wild type. This may be achieved "by 
enhancuig ftraciion of a gone or gene product lhat prqwaotes cell division* oar inMbiting 
ftjucysdon of a g!Biie or gene pcoduct that represses oell division. 5a other embodim&nis, ceJl 
divisdm in the integuments/'seed coat ^11 be decreasedj lesulting in a smaller seed. Tbis 
may be achieved by ^axbancxng function of a gena or grae product that gjepiesses ceH 
division* or inhibitiag ftqiction of a gene or gene product djat promotes cell divisioxt. Xn 
liifise embo&nents the geiiB or gene pxoiwt may be MNT or aa oithologue of MN7\ 
alternatively it txuscy be mother gene or geae psoduct that affects cell division. 

A plant m^y be further modified to maintain desirable characteristics may have beea 
othearoise losE as a lesult of tbe l^ai^sfoimation step. For exmple. the desiiable characteristic 
may be fertility. 

For example, in farter embodiments, of the invention, MNT function is restored to petals a^ad 
stamens of an mnt mutant such that see4s have the enlarged TTsnt-l mutaist phcaotypebixt 
fertility is not impaiiftd. TW* may be aehieved by opecably linkrug the promoter of a. gtne 
XhM directs expression in petals and stamens but not caipels (which cofttain the ovulesX such 
as AP3 (Jsiofc et aL, 1992), to llie wild-lype MNT gene. In different speciest, dififexent wild 
typ& genes may be supplied. 

According to another aspect of the invendon tlmre is provided a plant which inclndes a 
nucleic acid moletiulqi pomprising at least one regulatory sequence capable of diasecting- 
expression within the iatpgamenJs and/or seed coat of at least one nntaeic iacid sequcnoe 
whose expression or IranscriplJon product is capable of directly or indirectly modulating c*Il 
]jBn>lif Bx^cra, wh«r©by> on exjiressitm of that scqxisnce, cell pxolSfcxation is moiiified. The 
plam tnay have been obtained by a method in accordance with the invention «wid 'Wiil have 
the resulting featmes in terms of genetic structia?B$ and phenotsipe as set out in any of claims 
50 to 99 and^or described above. 

According to a "further aspect of the inva^^^on there is provided reproducible or piopagatabli 
plant material including ^ u^cMq add molecule coinpnsmg at least one regulatory seqjueaiee 
capable of dixeCtiag ejqjression withia integiments aad/or seed coat and at least ofle mioleic 



14 



OJlthers S Rogers " ^. Fax:4411?9253530 25 Mar_ ;04 i5:58 P. is/9l 



P105D85OB 



a^i^i sequence WhoSe e>;qE«ression or lianscriptioa product is capable of diiBCfly or Indirect 
inodulaiisg cell prtlifuration. wheiefay on expression of ftat nudeic acid sequence ccill 

psroltferatioii is itoodified. 

According to anoffcer aspect of the inv^oa, th*^ j^vided a method of modifying ceU 
ptoEferatiOti in pltot which comprises the step of mp^uMing the response of Use plant to 
an auxin whereby the overall cell number of &e integu^ente/seed coat of the plant is 
modiS^ Th^i-wponse to au auxia maybe modified by altering <he expression of an auxi« 
lesponse factor. PrefferaMy. ilie auxia wsponse factor is^Ut^. The fuactioa of a gene 
eacodiag the auxin lesponsefiictorn^y be mediated so iistoaffect the 
factor. In the case of AmMdopsis iferff^sw. the geae may be AiNT. Iki ihe ease otBrassica 
n^us the ge^emay beifnAfli^. m the case of rice tb^gaa^may be 0^F2. Oxl&olog».es 
of these genes may be used in other species. 

Most preferably, the function of an epdogcnows a«xm response factor encoding gene is 
flJOduklMfdrexamplebylWAiiEchmlogyasdesciibBdabove. Most prftferably, the 
fimcdoti of tita saae ia the integranents/seed coat is affected. 



Brief DestriptSon of the drairm^ 

BmbodimeTit?, ir. ^ccwjqlance Tvith the indention will now be described, by way of 
example oidy. wiih refen^ce to the accompanying drawings Kgutes 1 to 22 in 

which: 

Figni-e lA Tap: Confocal micrographs of ,^dn wflh giobtHaf stage emfayos &om 
m»s.2 (l=fO and wild-typ^ Cnght) seed paientsj Bomm: Mature seeds and embxyos 
fiom nmt-2 mutants and^d-type plants, photographed at the sama scale; 

is a 8cat»rplot of number of seeds in each pod prodnced by mnt-I mm vs 
•mea« sesd w<=igfet in tbatpod, following oonto>lled pollinations; 

Kgnre IQ shows Seeds matwsMy poffinated ««r-i and wiid-typepW, and ' 
reciprocal crosses between ihetn, photographed at the same scale; 
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(siiiigasiiiScimeiE^fal.. 1995). ftom wild-type aeft)a«d™««-i (li^t) jlasis; 

FigureaB shows graphs abowingomnbM of cells, mtal teagth. and mean ceU 
teflgthfbr several intsfumsm layers to i««r-2 and wUd-iype sage S-VI oviales. (lUe 
width is also shown for layer iill). 

Figure 3 shows fflicrogtaphs of the clialazal e«dospem iti developing seeds of 
Arabidopsis thaStma, aJl at ifae same scale. The «irtf-i seed is an cxample of 
, imeguin*nt4edgrowtbwhnetfae2xX6xseedptovidesa,ieaamp 

led growth; 

Figure 4A shows miciographs oiAraN&^sis thaSana seeds itostrating 
eactospftcm-led sesd growth illustraied by inttxpLoidy crdsses in the C24 accession 
of i4mi»«<iopj<J thtxHofia (see also Scott a* fiE., 19^; 

Figure 4B shows autographs iUoatia&ig integumsnt-led seed growth Ulustratedtjy 
ifae mnt-1 mutaottoi the Columbia accession of Arabidopsis thalimut; 

Kgorc 4C is a imcrograph of a seed illustratiiig the "big bag' hypothesis; 

Figure 5 is a photograph illustralSag a comparison of floial phsaotype and seed size 
in Wild-iype Col-3 (5A), imt-l mritants (SB), and a Salk insertion mutant {Salk line 
108995) homozygous for an insertion in the ARF2 gene (5C); 

IRsOre at) is a photograph of a gd showing PCR-based scorins of segregants for 
die T-DNA inisaiSofli ifl SaJS: Utue 108995; 

Figure 5E is a photograph of a gel showing scoring of piBsence of the insestian 
(top) and piesence of homozygotes (bottom) iaFl progeay of the cross betwem an 
mm-1 homozygous mumit seed paient and the Salt 10S995 hoxnozygous poHen 
parent. All Fl progeny have a sdn^e copy of flie insertion; 
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mgutB sF is a photograpli mutstweng fioical sai seed pbenoi^pe in an Fi hybrid 
plant sssuliing from a cross between a hoinogygoas mni;-/ mutant and a 
homozygous Salk insertion aiutant <Salk line J 05995); 

Kgure 6 is an aligafflftia of wild-typaJWOTai,dmwa^t m^.j cDNAs from 
transladooal staitto stop; 

Figare -7 an a4igm»ent Of wild-type MNT and mutant mnt-1 piedicte(i proteins; . 
Fignre S is an aligranfint oiAroMdapii^ thali^ AOVTcDNA with its ordiologue in 



its 



Fignre ? is an aKgnment of Arabtdopsis thaliema MNT predicted protein with 
oithologues in Bratsica i«jp«s (oilseed lape) CBnASK) aad Oryza sativa (rice) 
(OsAHEZ): 



FigtttelO illustrates aeBJfiO, BJ40, pPaC3d41jpAl!.T7. and BJ36 vectois used 
fee clonins strat^cs desraribed in tiic foHoveing examples; 

Kgnre 11 lUustmes acJoains Sftatesgy for conBtructing reportBr vectors (Ecample 
3). In this and following flgiwag. <wly lestrictioii sites significant to tijc strategy ate 

Figara 12 is a ndcrogiaph of a globular stage seed from a plant containing the 
3T75.v««£4 construct assayed for GUS expre^^io*; the ian*r layer of the ianer 
integtiQnBct is staxned (anow); 

^^^^ 13 aiu^^teB a cloning strategy for consixncii^ m RNAi vector to 
coaaiimiively dsjcrease MWreXpreisfiion (Escample 4); 

Fig w«: 14 iltostrafes a cloning: strategy for constructing an RNAi vector to 
constitutiY«l7 cJecrsasfr 5«ASra expi^ssioa (Examplfc 5>; 
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Figtiirt 15 illustrates a olonmg strategy foa: constmcdng SLNAi vectors to decasasft 
MNT expression ^iA&tily m tli^ integuments/seed coat (Example 6); 

figure 16 illXL^tjM^& d cloning strat&gy for constmcting RlSTAi vectors fo decrease 
BnARFl ejqpr&ssion pdioatiiy in th« iiM»g^eii.ts/s«ed coat (Example 7); 

Mgixre 17 miiscfaE&& a cloiiiiig $C]:&feBgy for coastcucting vectors for constitative 
expression of MNT (Examplfr 8> or BnARF2 (Exampl© 9); 

Figure IS illustrates a ctouiug Strategy for construcdng vcctojcs for expression of 
MNT ia the inicgmn6aTs/seed coat (^ainple 10); ' 

Slgucre 19 aivstrates a doning strategy for c wstn^ctinf vectors for exprtssion of 
BnARF2 m the integuBdents/seed coat (Example 11); 

Figure 20 iliustcateg a cioniag strategy for cqtjstractiiig vectors for expressidii of 
j^n^s p!n:)xQ02iag cell c&yision in tb& mtegam^ts/$eed coat (Examples 12, 13); 

Figure 31 i5 a series cf photographs iUu^ttatiixg se«4 sizes and weights &oin 
individual primary? tr^sform^nts containing expression cassettes designed to 
mQx^s^ seed sdze iTT8::CYCDB;l and Tr8::lFTI} compared with controls 
(TTS,':uidAy Dau i& taloen firm X*fe 2. Seeds were pixotographed at die same * 
scale: and 

F5gm-6 2% aipBtrates a cloning strntegy for constructing a vector for ex^jresaioii of M?JT in 
petals aiid stamens (Example 14}. 

. DESCKEPTION OF PBJESmRElD El^ODIMENTS 

M^ods and products in, accoritoice with the present inveatron will no^ 1?e desoiibed with 
Inference to the following examples, "which should not be conetjued as in any way limiting 
the invention. 
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The following vectoxs aie used in the examples! 
pGEMT (Promega, Southampton, UE3 

BJ36, BJ40. 3/60 (gift of Bart Janssen, Horticnlmna & Pood Research festimte of 
New ZsaJantf) 

pAKT7 (Gleave, 1992) 

pFGC3941 (Camhia, Canberca, Austealia; CbffoinDB, 



H^mttraflrfotmadm. protocols baaed o 
fhaUana andMdlaaey «f aJ. (1989) ftjr Btasgica. 

E«>ttirt pradiotions and sequence alignments are caixied out with GeaeDoc softw^ v«aon 
2.6.001 (ISHcholis and Nicholas, 1997). 

A. Identiaca(i«a of the Mnr-I mutaiLt 

We idmtified ihe n^otant. n^gaintegumenta-l (mni-l), in . screen for large yielded by 
apopulffldon of EMS {efliyl inethan«i«]fonate).matagenized4r^£rfo;7.f«iAaW in the 
Col-3j»^^ seedaprodaoed by a seed parent homozygous for rhe^r-/ 

mutailo^ a« larger morp pointed fcan wUd-iype. with exta cell, in the seed eoa.t. and 

contain larger emfayos O'il- lA). Sp««£uany, Hg lA shov^ 

la^ seed, moxe cell, in the seed coat (co^ axe for ill, the oarer 1^ of the Hm«: 
integament). 

Seeds collected from self-poUina«=d ^-i ^j^^ axe np to t«ice the weight of v«d^ 

type Col-3 seeds CTable lA). 
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Table lA Seed wcigtis in &*m mni-J and w.t Col-3 crosses, self seed. 
siUques left tm plant 



27.1 (n=60) 



Mean. 



Range 



Standard oioc 
n = nMinibw of seeds weighed fifota e^sh plant 



317.9 (106) 



29-7 (127) 



28.2 



274 to 39-7 



0.8 



w.i. self 



14.4Cn=!l78) 



15.S US) 



15.1 



14.4toXS.8 



1.4 



However, mutant plmU arc sdf-sterile until late in devdopment due to floral 
abnorWities (sfcc below), raiding the possibility thattije inutant produces large seeds 
because thece are few seeds requiring maternal lesoorces. thei«£o» we also ««i4ttcted 
controUed pomnatioiis in which otiiy three siKqaes (seed pods) were jdlowed to set seed pet 
pl3i>t, for both mnt-I and wild-lypo (Table IB). 
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T^hU m Seed wightp in jBram zsiiaM and Col-S crosses, 
poIIisiatSott^ 3 sHii^ues per plant 



manual 





mntX.mnt 


mnt X w.t 


j 'WXXjKlze 






31.1 (11=32) 


30.4 (ai=:36) 


30.5 (a=20) 






37.7 (37) • 


32.6 (22) 


28.2 (30) 






33.4 (37) 


37.4 (43) 


2S.2 (32) 






39 (20) 


31.8(17) 


27.1 (46) 






33.7 (30) 


34.4 (33) 


26.5 (44) 






40.5 (22) 


36 (50) 


28(44) 






3S.3(p> 


37.1 (49) 


30.3 (44) 






39.1 (11) 


3S<24) 




31x7 f4S^ 




37.2 (25) 






21 2 C^1\ 




35.2 (24) 










35.7 (43) 










39(31) - 










3S.3 (64) 










34 (23) 










36.1 (33) 










35.1 (54) 


















Mean 


36.3 


34,7 


2S,4 


28.7 


Range 


31.1 to 40.5 


31.8 to 38.0 


26.5 to 30.5 


22.1 to 31.7 


Standard enor ; ~ 


0.7 


1.0 - ( 


[).6 


1,3 


n — mimbea: of seeds in alique 





«*sl DffTK^ X »nMO ^ [w.t. X P < O.BOfl, sigmff cant 



This tieatniflnt raised the n,e«t Vfdim of wild-type seeds by 90% and nmt-1 saeds by 29%, 
in<Ji<ating that tow sfted atmberis a cotnpoaent of largs s*ed sizfe m nmtants ^,ut that 
the «nr-i mutation also has a significant affect Oa average ««r-f seeds weighed 26% more 
than wfld-type when only ^ siliqnes perpIaHt set seed; the d^eienceJa wdgirfs . 
significant at P<O.QOO. We also investigated whether occasional low seed set within 
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individual mm-I siliques mi^t raise seed weight; however a scatter plot (Fig, IB) of laean 
seed wdght of each pod vs number of seeds per pod following controlled poUiinatioiis in 
mnt-I (data from Table IB) shows no correlafion. 

The mnt'I itiutatixixi a mdt&nxai dSMi Ozz seed idzs. Thai is, m mnul homozygous 
mutant seed patsnt yields large seeds n^^iardless of wheflier it is poDinated by an mnt-1 oar 
wild-type plant, while a wild-*type paceat yiields nonnal seeds dv&n If pi>llix)Ate4 by ^ ^n^" J 
plant (pig. 2 C). In Fig IC seeds produced by mnt-l seed parents are shown on top and a^ds 
torn wild-type seed paren-ss are below* H = fertilization products (cjnbiya aad endoBpram) 
are heteiroaygoiis for the- matation. This shows that seed size in z«?2]^-Z mutants 
depends on the genotype of the seed pment, not the fortilizatioii piodncts. 

The primaty difference between mnt-I and -^vild-t jpe seeds is that the mutant seeds ' 
coDtdn more ceQs; in the seed coat. Compadsoia of ovule development hi mn£- J and 
wild-type plants shows that mtt-l o^^s ajce of utoonal ^ and moipholo^ until 
]hey aze near maturity, at wluch time we obsenre that both th& inn^ ^d oute^ 
jbtegiOTftpis of nmi-\ ov^^dfcS are significantly longer than in wild-type* primarfly 
due to a sigmficamly gfeatedr liuittbet of ceHs. (Rg. In relation to the results 
depicted in Fig. 2^ in Arabidopsis thaliana and other members of the Brassicacea 
raost ceil dh-ision and expansion occurs ia the integuments; on the abaxial side of 
the ovule (marked on wild-type owle in Fig, 2A), Siiiiilarly, the nucellns in rice is 
enveloped by the abaxial inner integume&t (Lopeiz-Dese etaL, 1999% La 
Aiabidopdis» HI, dndii^arethetbceeoellkyexs of theirni&rintegoxnentandoil 
and oi2 aje the two layers of the outer integument. The ce^ of layer ill', which 
does not completely spati the embtyo sae^ sigmiSoantly expand in width 
faft£Hza.daA as psatft of saed ^jcowth (Heecfcittaa si di-, 2<50O). mni'l ovules have 
longer integuments with extra cells and in some cases an extra layer (arrow), as well 
s^s a laigar seed cavity (Fi^. 2A), C = the 'curving zone" of the abaxial outer 
integument (the region overlying 3il'; Eeecfcman &i aL, 2000), M = the 'nuGropylax 
zone', tenons delimited wifli blaok bats (Fi^. 2A)/MeasiJtiea»fcnts shown in Fig, 2B 
were taken for the abadili mtegumenls only. Layers iil *, iil, and the curving zone of 
oi2 are longer in mne-2 mntant ovules, almost e:s:cLisiveZy due to gX^W oeE 
aumber. Mean cell length is greater in tifcie mi^ropylsir zone of mnt-J ovulcis bnt 
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SBoaUM ttf not aigmfioantly dififarent in the oi2 curving zone and tiie other 
integument hy^s measored. There is no difiference in moan wiiitfa between jma-I " 
and wild-typecells of layerjiJt', 

■Hie pedpheial endospetiti in mK^7 mutant seeds also generates more nuclei than in wiWU 
typa seedif- The mean number of peripljeral endospemi micici in wwx-i seeds at the heart 
stage is 1 150, compaisd irilb 550 foor a w»d-typs Col-3 seed at a comparable stage; see 
Scott a?. (1998) for a desra^on of eodQsparra morphology and the comx&ag method. 
However, we consider tt^e. two Cn»i*l dififcnaices between «nr-i mntam seeds and 
la^ge seeds fhat dxow endospemi-led growth. PJ^t, t&e dhalazal regifin of the endosperm, 
which becoaaea grftacly eplarsed in endospetm-kd 8ee4« Ce,g. seeds from falftrploidy crosses 
generating paternal excess, crosses wheie the DNA of the seed parent is hypomediylaied, or 
^ mmaots), is of roughly normal size inmnt-J mutants (although the pinched shape of the' 
chaJazal pole of nmt-l seeds results in a longer and nanower chalaaal endosperm) ORg 3). - 
Second, the size difference between nms-I and wild^type seeds follows from ditonces- 
existing before fettilizatiott i.e. before the endosperm has been created. The 
overprohferaiiott of peripheral endosperm may foUow from th^ seed volnme created 
by enlarfediaijeginttents/8aed coat 

& Tkg 'big bag' ^p^tesis 

We observe &at seeds wife eqlargsd endosperms and seeds with large seed coats have a 
featuxe jxx oommOn: <he seed cavity (i.e. fee space wifUn the post-fertaizalictfi fttobryo Sac} 
is th^ ndmial, giving the ernbryo mois space to grow CRg. 4A, 4B). Specifically, 
endospenn-led seed growth is ilWated by inteiploidy crosses in the C24 accession of ' 
AmbidopsistfudUinais&t^S^ottetal, IW As shown in Fig. 4A extra patetoal 
■ SBnomea p»dn« sseds -with a larg« ca^iy (top feft, X 6^ ci^ss), and uOtimately laige • 
iMi*dswia, large emboss C^s X 4x cross, bottom fefl). Conversely, e;cfau maternal genomes 
generate seeds mtfi small oa-ride« (f^ right, 6x X ar cross), and nltimaiely sraall seeds 
vrith small ftmbjyos C4X X 2i aross, bottom right). The confeol 2x X 2x cross ig shown in 
ihe middle. 
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Tn contrast in intogmnent-fed seed growth as musttated inHg. 4B th<i seeds also have a 
large seed cavity (top left) compared with wild-type (top right). MatoiB seeds and embyos 
aw coropased below. 

This le:rfs to one "big ba£- hypOlbsasis, which states Hxat s^sd and ultiniately enibxyD size is 
set by the Size of Ihe seed cavity, wMch may be controHed by seveial faetftfs incHlding 
extent of emilospenn fjrolifBiadon and Bxteirt of integumeni/seed coat proHfeiaiioft (Kg. 
4C). 

a is wesil estabUshed in the litejratuic& &at siftei fertilization in Arabidopsis dmliana feere Is 
no further di'vision in fiie seed coat, and growth occurs only by cell expansion (L&aa-. 
Kloosteiziel et al., 1994; Beeckman 2000; Windsor St oL, 2000). Obviously seeds 
■wife Isgrg* endospenns most also have large seed coats; however.^ this casft, f!» seed COat 
grows by cell 6X]panSii0n afterfertilization. In seeds whciclarge seisdcoatis coosidftfsdtltt 
primaiy cause of seed sategsatonl (mtBgument-led seed growth); the inieguas6ittfeeed ooat 
contaiiis extra callfi, as observed in jwtf-l nmlants. 

C. FnrthW siS)?e«tS of Ihe wuffJ mutant phenot^pe 

The mrO-I motadon affects floral maphology as well as seed size. Most flowers fail to 
open; this is mainly dqe to a kcfe of petal cell expansion, although there aie slso fewer petal 
cells. Ad^itionany, pollen is shedfrom the anthers on to the sides of the eaif>fi3 rather than 
the stigma due to SmpaiiBd extension of stamen falamenfs. Hlaments have a reduced naniber 
of cells, which also fail to expand nonnaUy. 

■Hie floral pbenotypes result in steailKiy of plants unless manual poDinatioais earned out 
(mFit-l hoBOOzygotes are female fertile, and the poUen that cojnplfttcs dcvelopmeot is also 
fertile). However Ae last iew flowers prothiced tjy ww-J aratants appear wiH-type and 
these are e^-feitilB. 

GfiTn5inati.on freqnency of mnt-l seeds is nonual, and the seedlij^s are vigorons. 

». Molecalar ciharacteriratioii of the wfld-type MNT gene and mrtt.! mutaat allele 
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i> Wild-iype Mm" sequence 



We mapped flie MWTlocus to a 60^ fcb region of cfitfomosome 5 rhat was aimotafed 
by The Arabidopsis Information Resouice (TAIR) <http.7/www.afabidog)Sis.org) to 
contain 17 genes. T-DNA insertioii- lines wilh insertioiis in these ^eues generated by 
The SaUt Xostteot? G^nCcftis Analysis Laboratoty fSIGnAL'i (AJonso al, 2003) 
Chtlp://signaLsa]k,8da) were obtdnad from this Nottinj^aam Arabidopsis Stock 
Centre (NASO (bttj.:/7Tjascjiottacufc5. Salkllne noJOSPSS (NASC stock no, 
N608995), with an inssstiioo to the codingregion of Ota ^4Z7JOJVJSESPGWSE 
i^ACrOA 2 {"AARS; sene, included a plant homozygons for the insertion wM» a 
similar phenotj-pe to rnnt-l mutaats, incJuding closed flowm and laigs seeds CE5g, 
5A-C>. Genotsrpxq scoimg <»f segipsgants from die Salfc 10S993 family, inn^lwdwag 
one heteiozygote and the homozygots, is shown in Fig. 5D. Specifcany in Fig. SD 
Top: Scoring for preBencs of to inseztJon in the AEF2 gene. Primers used were 5' 
TC3a TTC ACQ TAG TGG GCC ATC G 3', and 5' GAG TGG GTG GAG TGT 
GTT TO 3'. Laaes UmdO show presence of the insertion. Bomm: Scoring for 
bomor/sonu iAsetdoaaimaius. PcimecE used wem 5'GAG TGG GTG GAG TGT 
GTT TG 3' and 5' AGT TOG TTT TCG ITFGAO CAT 3' PGR conditions are set 
so that fee will only amplily if Ihere is no insertion: djeiefaDB PGR products 
win be ampliaed fifom DNA fcxnaeted from wild-type plants and also tiiose 
hftjttjzygous die iasenloii. bm aot homozygous plants. Laae M shows no 
anipJiScaciort, iadicaiing ibis plant is homozygons for die insectionu Aa allelism test 
was conducted by crossi!^ a seed parent homoaygoas for the mnt-l mutatioQ wi& 
fcp Saife 108995 hcmozygoie as fKillen parent. PI ptogeay we^e hcroizygow* for the 
insertion (Fig. 5E) and had the rrmi-l mutant phenotype (Fig. confirraii^g feat 



il^ftmA2?i^ willbeiefOTfidtoasJI^hitheiei^^ The jldW gene = 

At5g62000, accession no. NM_123593. ThegenoccnicDNAfQrMVT; including the coding 
rfegito plus 4371 bases of 5' and 525 bas^ of 3' flanMag tegion, is shown in SEQ ID NO. 1, 
SEQ ID NO. 2 is ths complete cDNA, aad SEQ ID NO. 3. the predicted protein. 
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ASFs fomipaitof the system for responding to au,TO. ahonflonelmoTjmto be ravolvedin 
many plant developmental processes inctoding <;dl division and expaasion (Stals and Inzs, . 
2001; Leysex, 2002). AEFs are transcription fectqrs that m general are not induced by amdn 
thsmsBlvesbutwhich legajals* ^sfipressionof auxin^dncibk genes; such as member* of Offi 
AixxrtAA class, {liscmn and Reed, 2002). ARFs have been shown to bind to Auxin Re^onse 
Elements (AEEs) containing; the motif TGTCTC in Hie promoters of ansin-indncibte genss 
(gimasoY « aZ., 1999a). Twentjr-^WO ASPs predicted to be iunodonal bave been aimotatedin 
^Arabuhpyis ^^cdiana ^tne (Hagen and Gnilfoyle, 2002). ARFs contain two conserved 
domains-^tn N-t«minal DNA binding domain md a C-teiminal dimerizatJon domain— and 
ft variable middle legion. An AEF may activat?i or repress transcriptiofi of its taigsts and this 
is flionght to d^<^4. on *9 sequence of the middle region (Dbnasov et cd., 1999b). B^dence 
BO fsur snsgests that AKF2 is likely to be a nrpressor CHwad et at, 2003). 

H) Mutant rtint-j! s^'S'^"^ 

We sequenced fiift coding region from genomifi DMA of the mnr-J altele jJn* 4371 bases of 
the 5' smd 525 bases of ifae 3* fJwiMng regions (ttiis genoniie sequence is diown in SEQ ID 
NO. 4). A ^ngle base change with respect to the wjjd-type CoI-3 sequence, from Gto A. was 
identified at posiliofl 665 fiom tranalational start, at the end of intron 3. Tiik Was predicted to 
affect splicing by changing the conserved 3' splice site <nto-Vfn and Simpson, 19SS) from the 
ccm^m AG sequence to AA. We sequenced the first S37 bases c£ the nmt-l cDNA ftom 
start of ttanstoioii ^ coKifirmed that four bases are deleted from the beginning of exon 4. 
Hie ?mv-l cDNA from tcaflslatioMl start to stop, consisting of the 837 dixeeiiy seqnenced 
bases plus the remainder of die cDNA coding region as predicted feom thft seqniaflced mm-I 
genomic DNA, is shown in SEQ 3D NO. 5. TWIdr^e ikflVT and routant mra-l cDNA 
BcqiMsncBS »e aligned ia Hg. 6. 

n» predicted mnt-l pt oteln (SBQ JD NO. 6) has a ftameshift from amino acid position 123 
and an early stop codon at position 167. Wild-typ^ MOT and mutant mnt-l predicted protein 
seqnences are aligned in Hg- 7- The frameshift and early stop codon are both within the 
DNA binding domain and aierefoie As mnt-l aUele is Kkely to cause a complete loss of 
MNT function. 
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Value of mnt mutants in uafierstflnding and mpd^ng growth of rntagumenls/seed 
cost. 



Tbe teftr nmtarn seed phenotype demonstrates that there is a comJatioa between the size of 
integuments before fertilization and the size of the niatnre seed in Atabidop^s thalia^ 
CFigs 1. 2). Dae to tha aimflaiiaes in seed sttucmte aaicw^ evea distanUy lekted groups of 
Sowedug plants, this leads to fee eKp«!t^on foat m«Kfi«aon to ime^meni^seed ctwa size 
. in other species, and certainly in members of the BrasdcaGeae such a« Srassica wiU 
also result In chaises to seed size.. 

Our knowledge of tbe mnt mutant phenalype and MNT gene sequence can be exploited in 
other species iJuougfa TELLING (Targeting induced Wfesions in genomes'). In Ihis 
«v*«e geaedca technique, checdcally mcmgenized popukiiotis are scmenedfor pxesem^e 
of a ptant mutation in a nudeie acid sequence of inteiest; this can be done as a high- 
tbroughpm procediKe aad is applicable to many species CTiU al, 2003). For example, 
TDUUNG could be uppUed » the Brassioa rumpus w rice cathologues of M^Tin oodert^ 
modify seed size In tibese crop species. 



Exampte Z Modi^pjjttg esptessiott of Jb!2Vr orttologoes in other 



species. 



Knowledge of the MW sequence in AnO^idopsU thaUanaalso allows us to seaich for 
orthologues in ciop species as anecessaiy fiistitep in targeted modifioation of die 
expression of the gene in These species. 

By way 0f sample, we amplified the putative B,-assica napus or&ologue (BnAim) of MNT 
using pmners (SEQ ID NO 7. 8) based On the ilflVT Sentence and on publicly avdkble 
BmssicaolsracBa seqtieota. Thft aiARF2 cDNA Was amplified &om total SNA isolated 
fi,™ *ee«»iags <<f var. Westar. n^SnARPl eJPWA l6™n National start to 

shop is shown in SEQ ID NO. 9 and ifi aligned with Amft/d^^&tfiaWAevraDNAinFig. 
8. The BnAEF? prediofed protftb (SEQ ID Nb. 10) has 85% identity to Ambidopsh 
xhaliana IV'INT, 
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A fainiiy of AR^^s fefts also b?ea chaxacE&nzBd m rice? on© of these, OsARP2 (accession 
no* AE07 L293), is cotisidered to be the oxtbologuc of ^naii^ja^iES' thaliana ASiF2 {Sato 
a;,, 2001). Fig. 9 sfiows asi alignment of ths prBdieted protein sequences of 
(Arabidcpstls tkadiandt AEPS), JBi^AKRa, and OsARP2. 

Example 3 . . 

Constnictioit^ ttsmtnttHAiimf Analysis of reporter vectors to show whe*w . . 

iskteig^&j(ft/$^ed eodt promoters are expressed in Arabidbpsfs ikaUann. 

This is to tt$X which, ptomaters are suitaWe for driving integtmieni/seed coai-specific car - 
pXi&Ssned cXpt^&ion of nucldc acids such as MNT axitis&xxsG or RNAi constructSy or other 
g&iLt^ jAo^iyixtg cell proliferation. 

Diagrams of the BJ60, BJ40, pFGC5941, pARTT, and B vectors used in the 
cloiiiag Stanategies descdbed in this and following examples ai& siiowt^ m Hg. iO. 

Hie doning sirs^gy is shown in Fig.ll. 
3a Con&irU&ti^Ft 0fr^p^rt^r vectors 

A reporter vector based on the jiromoter of the TT8 gene (Nesi c^,, 2000; At4gQ9S!20, 
accession no, AJ2;77S0$) is constnicfced as descdbed below, A 1,7 fcb fragxfl^nt including 
the ITS pcomoter ia acapSJSed by the polymeaase chain reaction (PCR) fi»m j^rafcttijpjsiff 
thalima genomic DNA 5" to tfanslacional Start of the TTB gcxie uang the primers TTSF and 
TTSR which introdnce an Ndcl and a PstI site at the 5' and 3' ends of the: 3fT»?PCR 
fiagmeftt respecdvely. 

5' AA ACATATGC CAACGGGATCATGGGATTAC 3' TTSF SBQ ID NO. 11 
Ndel 

5' AA ACTGCAGC GTTCCOGOAGATACQAAAAC 3^ TTSR ID NO. 12 
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The TT8 PGR fragmem is A^tailed and figated into pGEMT, then excised with 2*tel and 
PstI aiid ligated into fee Ndel and PstI sites of B J^, S' to ^ uidA reporter Which includes 
a tenuinator signal, fprnwg tijs vectw TT8-B J60. 

3afii'> r773 

A jeporter vector haged w tije pcomotta: of the ITi2 gene (Debeaujon 2000; 
At3g59030. accession AJ2W464) is Conrtnicted as dbscribed below. A 1.7feb fragment 
including the 7TJ2 ip»ia<««r is «ittpMe<3 by PGR &om ifia W genomic DNA 

5' to translational start of the 7X12 gene using ths pdnwrs Tri2F and TT12R. wfeifiJx 
introduce anNdelasdaPsa site «tt&e 5' and 3' ends of the 7772 PCRfiagmrait 

5'AAACATMnGGAATTCACAATCGGAAAGTC3'CT^^ SEQIDNO.13 
Ndfrl 

yAAACTSCAGGGTCCGTXTATl^AaTrCCTC SEQIDNO 14 

PstI 

The m3 PCR fragment is A-tailed a^d ligated into pGEMT, and then excased witfc, Nd^J 

and Psil «d Sgated into the NiM and PslI sites of BJ60^ 
forming TT12-BJ60, 

5i> Ct3«^ri^^^;e>« of binary v^r^ ^4 trm^ormodon into Arabidopsis thaliana 
Repoitftf fiass^ttes are excised witb Not! &om tide foUownig vectors: 

TT8-BJfiO 
TT12-BJ60 

aiidKBatftdmtoih*NotIdto of the biimry vector BJTO^ ' 
following vectors for iransfacmationr 

TTS-mdA-BJ4Q 
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TT12-^dA.-B5'40 

The binary v&ctat& afft ttmsfomied inta Agrohactariuin ttrni^fmnz^ns sjrtd th&0, into 
Arabidapsis thaliana. 

The uidA gene encodes p-gkcaxromdase (GXJS), which is assayed lasing standard protocols 
<e.g. Jcsfiferson, 1937). ForPigure 12 (belo^) the following assay was used. Seeds wistg 
dissected from siliqiies into GUS Staining bxcflfer (IQOisM Tris-HCl pH 7.2, SO nM NaCl, 
Tdton-X-lOO, 2 mM 5-bram<>-^l-cMoro-3-iadolyl--beta-'D-gliicoronic acid (X-GluoX 
2iri2vl K3Fe(CNe), 2 ixM K4Fe(a^) ajtid iiwsibated overnight at 37* C 

Figure 12 shorn a globular stBgst seed ih>m aplam comiiiing ttifi ?Ti2.vuA£4 cox^strucc 
assayed for GUS eXpr&St^iOn; the bsnUss: layer Of the imbsr inCegCaneiit is staiaed (airow)> 
irxdicaacbag activity of tShe JTiS ftfomonesf fragment in liiat ixMagament. 

£2£ample 4 

Constnictioii and transformadon of an RNAi cassette that decreases MNT axj^resslon 
bxArabidopsis tkaliana^ including decreased erpressian in the integmneiitci/^eed cpari:. 

Tntift cjorting jtratfi^yis shown in Fig. 13- 

4a Construction of RNAi cassette 

An RNAi v^gtor ba$ed <?n ths MNT gtiife (s&fe abovfi) i$ 6<i?3,$f?:^ix?t^d as <3«s«ib«d balow. A 
0,57kbfra^eiii of iheMiVT cDNA CMiVTi') is ampUfied by PCS from Ara&ii?cy?m 
ihaiiana cDNA using the primers FAiyF2i and RAjRF2iiiew which introduca Xbal and AscI 
sites at die 5' esnd of the MMl PCR fragment, and BaBoHT and Swal sites at dw: 3" «ad of 
dxePCRfragraant 

5' G ATCTAGAnOCGCGCC^ GATCTGAGAACrGGATO 3' JPAJKP^ji SBQID NO. 
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15 

Xbal AscI 

S OAGGATCCATTTA A ATCC<K:AGCATCATTCAAGT 3' RARE2toew SEQIDNO, 
16 ' 

BamHI Swal 

Ttie MNTL PGR fiigxntot is A-tailed and ligaied into pGEMT, aad then excised with AscI 
awd Swal and ligated into the AscI and Swal sites of the pFGC5941 RNAi vector 3' to the 
55Spiomoter and 5' to the CHSA mtron, which places th* fragmMt ia fomard orientation. 
IMS forms the vector 35S-MOTl.pFGC5941. The MNTi PGR fragment is then excised 
from pGEMT with BamEI smd Xb^ and lig^ into Chu BtoiMC tod Xbal siteiS of tjhe 3SS- 
MNTi-pFGC594I ye<.tOr, 3' ft> the CHSA irtJXOft and 5' to the ^<;^ Xtmd^xox whicli 
places the fragment m mv«r$ft csietittaiicrt. This fotiA$ the vecsEor 35S-Mt<rn-icav MNI5- 
pFGC5941. 

■^i? 2V42iisfojWi!2jf/c?«f Arabidopsis thaliana 

Vector 35&-MNTl-to MNTl-pFQC5941 is traiKfonned imo A5r<,6^iari»« i««,^adfe«s 
and then into Arabidopsis thdUana. 

Coftstrucfioii and transfonnation of an RNAi cassette that decreases BnAjRF2 
escpressioa xn ^jriar^^c^s mq^us, iiacJuding decreased e:rprfission in the mtfigtiaients/^ 
cndL • „ . 

The cloranj^ stefttegy is shown to Fig 1 4 

Aa IWAi v«tor hased on fheS^/ra geue {Sample 2. al>ove) is coasted as d«Sftdbed 
b^lo w. A 0.56 k^? frftgrnexxt of ttw MnARF2 cDNA (.5K;AR^2ji) is amplifled by PCR ^ 
Sz-flfflyfcfl oDNA usii^g Sift prij«fit9 FBiiARrai atjid PBin ARFH which intioduce Xbal 
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and ASCI sites at the 5' end of me BnAJiF2i PGR &asflaeflt. mA Bamffl and SwaE sites at the 
3' end of the PCS. fragment. 

S'GATSE^fiASeSeSeeCGCQATATGAQAACTGQATA 3' JTenAJUFa SEQID NO. 

17 . - ' • 

Xbal AscI 

.> ^-.^^.ATrY.4TrTAAATG TAGGCOCCC3CAGGqTCA 3^ RBnAJRI^ SEQ ID NO. 
18 

BamHI Swal 

Th^BnARF^ PGR fragment is A-tailed and Egated into pGEMT and theo exdsed with 
ASCI mi Swal and ligaisd into the AsdL «od Swal dtes of tb. pPGC5941 JUMAi vector 3' to 
the 35S promoter and 5' to the CHSA intion using the ea2yw»& AbcI and Swat T!*ich ^JflfiBS 
fhe&agm5ntinf«:w«dcrieat«ic», Tins fonnS fee vector S5S-EaARP2i-pPGC5941. Ite 
5nASF2< PCR ftagment is Ami excised &om pGEMT wth BamHI and Xbal and figafed 
i^to i3b.e Baniffl and Xbal sites of fhe 35S.BnAKra-pFGC^^^ 

intron and 5' » the ocs temiinator. whicfe places tiitftagmentin inverse orieniation.. TTiis 
fcnns ihe vectof 35S^EnARE2i-mv BnAEP2i-pFaC394L 

Vector 35S-BTDu^SF3i-mvBnARF2i-pFGC5941 is trmisfoiniBd into 
tmn6faciie7is and then into Brassica nc^us. 

Esample 6 

Co:i3St wction and transformation of RNAJ cassettes that decrfiase MiSiT esjprtssioii 
primsurfly M Hie itittgfitoeafS/sccd coat of Arfl*£&¥>s& ^ftTmo. 

This is spedfically to phenocopy the big seed e^act of nuit mutatioi^ without oth^ e:^^ts 
on plant growth* development. Of fesrtmty- 

The cloniag strategy is shown in Fig. 15. 
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6a Construction ofRNAi vectors contcdniii^ tm int&s^anAni/&^&d coest promoter 



TTS 

An ENAi vector ixx whidi the TTS pixxmotea: (Nesi et al., 2000; At4g09S20, accfij?$3<m no. 
AJ277509) drives an inverted, repeat of anMvTnucledc acid, fi^gxaex^t ($ea Exampfe 4, 
above) is constructed as described b^ow. A 1.7 kb fragment including the TTS prcnaoter is 
amplified by PCR ftom Ara&i4opsis tkaliana genoimc DNA 5' to uansktioiiai stBXt of the 
ITS gene using the pmners TTa EcoRl F and TTS Ncol R whfch toduce an EcoRI and an 
Ncol site at the 5' and 3' mds of the TTS PCR fragment respe^ctsvely. 

5" GAATTCCCAAC(X}GATCATGGGATTAC 3" TTSFJ SBQ ID NO- 19 
BcoRI 

S'fiQAISfiCGTTCCCGGACATACGAAAAC 3' TTSRi SEQ ID NO. 20 
Ncol 

The ITS PCR fragment is A-tailed and Iigated into pGEMT, tod Cheii ^xci$0d with Ecoltl 
and Ncol and exchanged fbr the 555 pnimotetr in the vector 35S'MNTr4nv MZV7i-pFGC5941 
CExamplc 4* above), fonrnng I3b^ veetcur TTS-^i^-inv AQVTi-pFGC5941, 

A« RHAi vector in winch the mO paromoter (Villanuev^ ai, 1999; Acls2342a accession 

AF195047) drives an inverted repeat of an MVTnUCkic acid fta^ttii (see Example 4, 
above) is constructed as described below. A L5 kb fragment inchiding th^ INO promoter h 
amplified by PCR &omA^ai,i^p^is ihalUina geaoimc DNA 5'' to transitions start of the 

mo gene using th* primei^ HNOi and lONOi wLidi introduo^ to EcoRI and an Ncol site 
at the 5' and 3' ends of the }[jt>^0 PCR firagment i^spectivfely. 

5'2^krrccCTGGATTAGTG<^ 3' FINOi SBQ JD NO. 21 
EcoRI 
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5' eSAsIQS.OAGAGTOTGTGTGTACCATO 3' RJONfOii SEQ ID NO, 22 
Ncol 

The PGR firagment is A-tailed and ligated into pGEMT^ and then excised with EcoRI 
and Ncol and ^xchaii^ed for the pronioter iu the vector 35S-MNT-isiv MNTi- 
pFGC5941 (Example: 4* above), foicming thfr vectcd: INO-MNT-iii v ]MiMTi-pFGC5941- 

6b Tran^armaHon into Aratidopsis thaliana 

The TTS-MNT-iiiy MNTi-pFGC5941 and INO-MiSn?-mv MNTi-pFGC5941 vectois are 
, transf otmfid mto Ain!?b^teriim tum^fitci&ns and Hicn. into jirabidopsis thaUcma. 

Co>»i&3t)cU<£on ^md trdfet&Fomiaiidki df SNAi cassettes ^at deorease BiaAKE2 ^x^os 
primarily in flie iutegumeatis/seed eoAt of Smssdea m^us* 

ThB clonuig strategy is shown in Fig. 16. 

7a ConstruciiQn ofRNAi veciors cmtwtmg £^ int&gizm^nt/^eed coat promoter 

An RNAi vector in which the TPS promoter (Ncsi etaL, 2000; At4g09S2O, accession no, 
AJ277509) dfjves m, itiy^tx^^ r*^eat a 5/iiAi?"E2 elucIbic acid fragaxoat (see Exan^Ie 5, 
above) i& constaoacted described beSow. A 1.7 &Ajg;na<»nt iizvludiuj^ the 7T8 piomotsr 
with EcoRI fl^d NciOl IiTifcferS i$ raxpliS^Jd hy PGR from Arabidop^sis thaliana genomic DNA 
as described m Example 6a{i) above. 

The TT8 PCR firagnieat is A-iailed and ligated into pGEMT, and thsn excised vrfth 
EcoEl aiad Ncol and ecKcbasiged for the 35Sptomoi&£iii tfas v^tor ^SS-BnARFZ-iav 
BnASF2i-pFGC5941 CExample 5, abover), fomiingthe vector TT8-BnA3iK2-invBiiAEtF2i- 
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An ItNAi vector in which the INO promoter (ViHajitieva st al^ 1999; Allg23420, accftSSloQ 
no. AF195047) drives an inverted repeat of a 5nARF2 mdl&ic acid fragment (see Example 
5, above) i$ ecwstmcied as described below. A 1.5 kb fragment including fee J?/0 promoter 
wifb EcoEI and Ncol linkers is amplified by PCR from Arahidopsis thaliana genomic DNA 
as dtescrihed in ExainpJe 6&(u) above. 

Ilia IV-C? PCR fiagmeai is A-tailed and ligatsd into pGEMT, and Thaa excised with 
BcoEI and Ncal and exchanged for fee 55y jpromotfer in Ihe vexjtar 35S-BnARF2-inY 
BnAEE2i-pPGC5941 CExample 5, above), forming the vector INO-BnAREZHinv BnAEKZi- 
pFGC5941, 

7i> TroA^ormeaiifn baa Brassica ruzpus 

Hie TTS-BnAIlEa-inv BnAltF2i-pFGC5941 and IN-0-BnAIlF2-iiiv BiiARF2ii-pFeCSe41 
yectcas are txsxisftxxa&i into /l^roMaierfto» ttbnsfxa&ns and fih«n into Brassiw napus. 

Ltttegmmeats/seed coat 

This is to produce a plant widi smaller seeds. 

The clomi^ stratesgy is shown in Fig, 17. 

S«c CorKtrnctUm v«icjj-j57r txmsHiin^e e^gmssion qfMNT 

Constraoiion of an expression vector with the CaMVJ5ff promoter ddvlagthe4djvrg«ft4 j$ 
described below. The' JlflVT cDNA including the ttaaslatiQiuil start and stop i* ampMed by • 
PCR from Arabidopsis thaliana cDNA using the primers 35S Xho new and 35S Bam iM^w 
which introduce a Xbol and a Bamffl site at the 5' and 3' ends of Qie MVTPCai&agnient 
jcespectively. 
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5' grCGA.G GAAGGTATGGCGAGT 3' 3SS Xho new SBQ ID NO. 23 

Xhol 

5> ee^IjOGTCCAGTCTCCACCAA 3' 3SS Bam SEQ ID NO, 24 

BaniBI 

The MiVrKai£rasmB«t«A-teiled«nd lisated into pGEMT, and tiien excised ^vitb Xhol 
*z.4Ba:tx^«ndlig^into the XboI «a4B.«rfH Site, of pAE.T7. 3' to tfac 555 promoter 
and 5' lo ocs tenninator, fonniD^ tbe vector 35S-MNT-pART7. 



Sb 



Construction of binary vectors and tram^omtaxion into Ar^ul^imi Miata 



The 35S::MNT expisssion cassette (including file ocs teimtoaior & eKcised fiom 
35S-MNT-PART7 wi& NotI and lignted into to Noff sites of the binajy vector BJ40, 
fannixMf th.! vwtac35S-MNT-BJ40. TIk bin«y wctor is tranrfotmed mto^tecrmum 
fflton^acien* aftd tb«i iato Arofeicto^^^ 



Example 9 

Constrnclifln md traiisf<)matioii of au exj.r=ssion cassette liiat increases BnASF2 
esprcss^ollill^r6*^fc*n^«s^ faidiiding ^creased «=pressioiiin the integuments/seed 

coat- 

This is also m produce a plant which jiroduess ananer seeds. 
The clonxEis strategy is showtt to Fig. .17- 

9a Construetion <^a vflctor/cn- vonsdtutiye expression ofBriAKFl 
ConsTractloa of an axpiession vector with fee CaMVJJS promoter driving the 

gene is described below. Th&BnAItF2 cDNA uanslational start to stop is ampHficd by 
S-CR from Br3^«M «<spKi cDNA using the primecs BuAEF2 Xhol F andBnABFS BsbHI 
RwMch introduce a Xhol and a BamHI site itflie 5' and 3' eads of lieBa4«F2Kra 

ficagment respectively. 
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Ihe PGR &.sn,.nt is A-tail.d. .nd mto pQEMT, and «... .^.i.ed wifix 

Xhora,.dBainm«»dIigaiedkto1hBXhoIandBa™E3I sites of pART7,3' to^^^Jff 
promoter «d 5' to tbe temiinator. fac^^the vector 35S.B^ARE2.pART7 



S»A Constntctitm of binary vectam ^ tramformation into 5 Wei 



35S-BnAKF2-pA]fcX7 with Notf^.d cloned *„to the N.tl si«. «f the ^ .««orBr40 
foixmn^ the vector 35S-BeARP2^BJ40- 

The bin^ vector i« n;...fo.™«i 
The clonittg strategy is sbovm in Kg, 18. 

10. Constn^on of^r.ssicn v^.^ an i^egun^se^ cam promoter ■ 

no- A J277509) ,s constaacted as desndb^d b^W. A 1.7 Icb f^^ni includizxg the ITS 
promoter wi:I,Nd.IaadP.aji^isa„^lffie,i,yPCfefe,«:i.^r^^^^^^^^ 
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ligated into pGEMT, ^aaCi xhm, excised with NdeJ and PstI and ligated into the JWdel and Pstl 
sites, of BJ36, 3* to the ocs terjuinator signal, fonmiig the vector TT8-BJ36- 

An expressioa vector based Cwa tl«5 prcattfiter of the JWO geii& (Villanueva es al^ 1999; 
Atlg23420, accession no, AF195047) i$ consoucted as described below. A 1,5 Icb fxagtnent 
including the JNO pgcOiftOteiC is aaspllfied fay PGR from Arahidopsis ihaUnna genondc DNA 
5' to txaizsktiQnal of the INO gaiie using the pdm^. INOF and INOR which inixoduce 
an Ndel and a Pstl site at the 5* and 3' tiaids of tha IN[0 PGR fragsient resfrdctively, 

5' £AIVjnC<nX50ATTAGTGCAA V INOF SEQ IE> NO- 27 

Ndel 

3' OSeASGAGAGTOTGTGTGTACGATQ 3" 3N0R SEQ ID NO, 28 

Pstl 

The INO FCR frzMinient is A-tailed and ligated into pGJSWT, and then e^ccised with Ndel 
and Pstl and ligated into the Ndel and PstI Sites of B J36, 5"^ to the ocs tenninator signal, 
fonning the vector WO-B J36- 

lOb Construction of expression vectors comainmg a pronioter::MNT expression c^S^it^ 

Th6 MAT cDNA with XLol and BamHI iidkss:^ i5 ampiifi&d by PCR from Arabidopsis 
thaUana cDNA and ligated mt£» ^GEMI as de^bed in Example Sa^ above. 

lObra TT8*MNT 

The MNTTCB. fragmt^rtt i& ^^x^isftd ftojtfi j^GEMT Wxth XUoI BamHI and Kgated into the 

Xhol and BamHI sites of the TTS-B J36 vector^ 5' to Ihe TT8 paxwaotet. fcmkig the vector 

Hie MNT PGR fragment is excised from pCSEMX ^tfa Xhol and BamHI and ligafeid into the j 
Xhol and BamHI sites of the MO-BJSe vector, 3* to the WO pcOnioter, fonning the vector 

3g 
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lOc Construction of binary veatprsi and transform&Hpn 

The TT8::MNT expresi&ioii cassette CincludiTig the ocs tcinniiiator signal) is excised fi»m 
TTS-IVINT-BJ36 with NotI amJ otoxied into ihe NotI sites of &e biiaary vector Br46, fonning 
the vector TTS-MNT-.BJ40. .... 

Ths: WavJVdTVT expression cassette (including th« ocs rx^v^Atox signal) is excised ftom 
INO-MNT~BJ36 ^Jth NotEand tlonedinto ffaeNoti sites <mF the binaiy vector BJ40, foniwxg 
the vector INO-MNT-BJ40- 

The TT8--MNT-B J40 and INO-MNT-B J40 biniaiy vectors are transformed into 
Agroifacisriim mmefaciens and them into Ay-a^riis^iip^is thaliona. 

Example 11 

Comtraction and transfonmtiou of eisj^ressio^a vectors that inereaise BizAltF2 
expressiDiL primarily in Ubit in^g^&tiWseetd coat of Brassica luxpns. 

The ciDning stiatcgy is sho\m in Fig. 19. 

7ia Construction of eit^ression vectorjt cor^ming an. imegument/ssed coat pmmoter 

Aa expression vector based on. d:ie ptDmotear of the TTS gene CNesi aU 2000; At4g09820, 
^cession no. AJ277509) is constmcted as described below. A L7 kb fiagmentindtldxug 
the TT8 promoteris ampHfed by PCR&om Ar<zt«fc»p*e> ^AdZf^em genofliic DNA 5' to 
transnational start of the 7T5 gene using the pdtors TTSF and ITS Mini R which'iniKKhice 
aiiNdeil dud aiuMuI site at the 5* and 5' ends of ihe ITO PGR fegmentiespectively, 

5* AAACmrocCAACGGGATCATG^^ 3^ TTSF SEQ ID NO. 11 

3$ 
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Ndel 

5'AAAACSQSICGTOCCGGAGATACQAAAAC3*T1tSMluLR SBQmm.29 
Mini 

The T7« PCR ft^sxnent is A-tdfcd aud Kgated iido .pGEMT, and then e:c«sed vriih N<feE . 
aftd MfalKKiUBStedinio fheNdaXand Mlul sites of BI36, 5' to tfas oc^teamflaw Signal, 
fonnitig tite TOotor TK CNdeE Mliil)-B J3d 

expression y«:tor based on the promoter of the INO gene (Villanaeva et flZ. l?99t 
Atlg23420, a^ccSsioB no. AF1950+7) is conatmcte^ as described bdow. A 1^ H> fegnnefflt 
including the iWO pnsmoteris an^edby PCR&on. Aro&fetop^fa g«iomic DNA 

5' to teanslationid start of fee J^^O gene using the 

3Atrt)dui» an Ndel and an Mlul site -t tha f zjA 3' end* of lite PGR fragment 
lespecdvely. 

^' (^ATATGC CTGGATTAQTQCAAGGCAA 3" INOF SEQID NO. 27 

5' ^^CGCSIGAGAGTGTQTGTCTACOATG 3' iNO Mlul SEQ ID NO. 30 
MLvl 

Tho INO PGR feagm^^nt is A-taited and ligaied into pGEMT, smd then excised wilh Ndel 
at>dMM^adUgatedintotheNd«IandMluIritesaFBK6.5' to the ^^i* ttaaiMtor signal. 

fooning tbe vector INO G>TdeIMM)-BJ36. 



JJ6 



The BnARFZ cDKA wi* Xhol ^d BainHI lintets is amplified by PCR from Br^rfM 
n^us CDNA and ligatsd into pGEMT as described in Ej^ample 9a, above. 



nbfi>2Ta 
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The S73ARF2 FCR ftagmeni is eoccised from pOSMT ^th Xhol and BamEtt and ligated i»to 
the Xfaol &Ad BainHI $ites of th^ TT& (Nd©I MIrO:)-B J36 vector, 3 ' to ih« TT8 promotear, 
f orniing tfafi ^tor TTS-BxiARFl-B J36- 

llbgiMNO 

The BnARFZ PCR fragment is excised fxoxxK pGEMT with Xhol and Eaa:5HI aad ligated into 
the Xhol andBamEH sice§ of tjti6 BS*0 CNdel MI«I)-BJ36 vectoac, 3* to tfce INO promoter, 
foroting tiis vector INO-BelAKR2-B J36. 

1 2c ConstrucUon of binary vectors and transfarma^ion 

nc(i)TTS 

The TTS-EuAEFZ espiession cassette (including the dcs" teiminator signal) is excised fnom 
TTS-BttAEFZ-E s»ith NotI a^id lig^ited into the NotI sites of the binary vector BJ40, 
farniiiAg th,^ v^i?tor TrS-BnAEF2-BJ40* 

Tha IN0-B]rARF2 espisissioii eassetfe (includiijg the ocr •temunator signal) is excised fcom 
JNO-Bn 136 with Nod md ligated into the Noa sited of the binary vectQrBX40, 

fOMiiig the vector INQ-BiiARF2-BI40. 

The binary vectctfii TTS-BuAuRE^-B J40 and IbfO-BnAlRP2-BJ40 are transfonned into 
j^$r^b<^tenum tumsfacieits and then into Brassica napus. 

Example M 

Coiostracfioiib traiasf ormatiDn^ and analysius of expression TectoTS t3]kat Increases 
c££pi^s$jiox;t Qt a gene promottng cdl divisiota. iia ttte mteguments/seed coat of 

Th^ cloBing strategy is shown in Fig. 20. 

I2a Comtruction cf ^JKpfd&itian'v^tti^tr^ coritammsmmtegumffni/seedcoatprox^ 
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no. fiJZnSf^ is constructed as desalted below. A 1.7 1cb&agn»ntmduding tha TTS 
promoter vrithNd^ia^Pfltl Ktfl:^ i« «™pEfi«4^^^"^^"'^^^^ 
^oimc DNA as d^cribed ia Kca««,le Sa©. above, m 2T5 PGR fragment is A-i^led ^md 
Hgaisd toto pGBMT. *«d vdth Ndcl and P.tr a^d ligated mto the Ndel and PstE 

sites of BJ36. 3' to th<s ops Baminato signal, fonnmg the vectac TT8-BJ36. 

An expression vector based on die rTJ3 j>iomot^r (P^b..«jon et 200O: At3s59030, 
accessiou no. AJ294464) is constrncted as described Wow. A 1,7 Kb fragment inclnding 

the mz ptontoter vdth Ndel aad Psa is anqjUficd by PCR &c3m 
rA^fi««« genondc DNA as d*scxib*4 i*. B««npte 3aCa). ab^ve. Ite m2 PGR ftaginent is 

A-t«il<=d^^5e*l.dfaU>pC3E^^^, ™d1h«a excised 
- Ndet and Psfl sites of 5' to tiw 0« terririnator sLgnal, f omrim the vector Tn2-B J36. 

An «q««slon vector b^ed »b OT<? promoter CViUanncva a/., 1999; Atls23420. 
accession no. AF195047) is canstmoted as described b^low, A 1.3 kb ftagmeat ioduding 
the WO piomot« vvitb Ndel ai.d Pstl UrfiejcS is amplified by PC& from Ara&«tops& 
(ft^ian^ genondc DNA as de^ctiW in Example lOaCu). abovft. m 
A-tdl.d and ligat^ into pGEMT. and ito ewrfsed wSh Ndfil and Pstl atld lighted into fl^ 
Nd^I audPsa sites of B33S, 5' to t^^mnatar rignal, fonning the vector INO-BJ36. 

iaafiv\BAN 

Anexpressioii^ector baaed on tiicpromoter offefiAW gene (De-Vic .r^;.. 1999; 
Atlg61720, acces^oano- AP09a9ia) is constrwted as described bclov.. A 0.4 kb ftagment 
iDclwJing th6 W pKJinoter is amplified by PCR from Arabidopsi. ihaUa^ genoinic DNA 
5' toiXBBSktioa«l.tartofth«BA^gen«usinstb«prim«sBANFandBANawbich 
tetrodno,. ^ ]MdeI mi a PstI site at th^ 5' and 3- ends of SAiV PCR fi:agn«ait 
lespectiively. 
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5' :^T:AISGAGAATTTGACAGArTt3<5TO 3* BAm SEQ ID NO. 31 



Ndfsl 



5' £XGC4GGTTrATCGTCTTGAGACTTC 3' BANE SEQ m NO S"* 

PstI . ■ ' " 



Tlw ay / PGR &agmant Is A-telled and ligated into pGSMX, and then excised with Ndel 
8*4 PstiC AMI ligirted into the Ndel and Psfl sites of BJ36. 5' to Ibe c« teimbaator signal. 
• fonning the vector BAN-BJ36. 

12b Cansintatian qfe^tpression cassettes ctmtatnbig an hOegianent/seed coat promoter 
driving a gs»e promoting cell dMsion 

Constrnction of expression vBcttxrs with an integument/seed coat promoter driving the 
CirCD3:l gene is described beJow. The CYCD3;1 cDNA (Wcxly Cyc^; Soni sttd., 
1995: Vandepoefo ei df., 3002: At4s34160, accesaon no. XS3371) is amplified hy ?CK. 
&om Arabidopsts ihs^xma cDNA using the prinjers CYCD3P and CYCUSR which 
introduce a Smal and a BamHE site at the 3' and 3' ends of flje CrCXf3;l PGR fragment 
respectively. 

5' AAASCCSGGATGOOGATTCGGAAGGAGGAA 3' CYGD3F SBQ ID NO. 33 
Smal 

5- AAAGSATCSITATGGAGTGGCTACGATTGC 3" CYCD3R SBQ ID NO. 34 

BamHI 

The CyC£>3;l PGR ftagmant is ^.tailed, and lis^t-sd iotc pGEMT. and then excised ^dx 
Smal and BsanHI and ligated kto the Smal and BamHI sites of die foHowiag vectors: 
■m-BJ36 vector, 3' to the ITS promoter and 5' to fiiB ocs tenninatac sigaal. fonning the 
vector TT8'CYC3D3;1-BJ36 

Tn2-BJ36 Vftctor. 3' to th« m2 pntooter«»d 5' to tfae«=y teoninatixr signal, fendng the 
vector TT12-CYCD3;l-BJ3fi 

vector. 3 ' to flie INO promoter and 5' to the tem&wtor signal, fonning tiie 



43 



Dithers a Rogers Fax:441179253530' 25 Mar '04 17:{Jb K.4r/yi 




B AN-B J36 vector, T to tiifr JSAWpf osnoteaf and 5' lo the tf^iv tamiriator si°iial, foiming the 

Coa&ttio&tica of cTiipiBsdioa ycGtas:^ 'vrith au integaxaenC/seed coat promoter dxivhitg the J?*?/ 
gene is described below. The ijPT/ gene (Xakti &t aL 2001; AtlgfiS460, acoBssi0n no. 
AB062607) is arapHfiedby PC3B. fxcmArabidopsis thaliwta genomic DNA (tibe 2P77 gene 
contains no innons) using ibe primers EFTIF aiui UTIR whjch jx^tcoduce & Smal and a 
BamHI site at the 5' and 3' ends of tbs JPTI PGR fri^gment tespectivdy . 



5' AAAQQGQSSATGACAGAACTCAAGTTCCAC 3^ IPTIF SEQ ID NO. 35 

S'AAASfijySSCTAATTTrGCACCAA^ SEQ ID NO. 36 



The IFTI PGR fragment is A-tsdled and ligated into pGEMT. atid dne^a exdsed Smal . 
and BamHI ^uad Ixgat^d into the Smal and BamfJI sites of the following v&ctors: 
TTS-BJ36 vector, 3^ to the TT8 promoter and 5' to tbe ccs temrinator signal, fonning fhe 
vector TTS-IPTi-BJ36 

TT12'BJ36 vector, 3' to the 7X12 ptotiot&r and 5' to the acs temiinator signal, fcccimng the 
vectcar Tn2-IFn-BJ3d 

INO-BJ36 vector, 3* to the INO promoter and 5' to Hie ocs tsnninator signal, forming the 
vector ]NO-IFn-BJ36 

EAN-BJ36 v&ctx, 3' to the iSAATpf omoter and 5' to the ocs teixndnator isigziai, forining the 
veetorBAN-IPTl-BJ-36 

12'b{m^ Promoter: :AjVr 

Cotistmcdon of isxpression vectoris with axi integCkment/Ssed coat promotear driving the ANT 
gene is described below. The jW gene <Klucber iSfai, 1996^ At4g3775Q, aocessiou no. ' 
NH-119937) is amplified by PCR fiozn Arabidopsis ChaHana dONA using ffae pimisxs 
ANTF mxd AlSfTR i5*ida introduce a Smal and a BamHI site at the 3' aiid 3* ends of fte 
ANT PGR firagment respectively. 
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^'.^QSSGGTGTGTTCGTTGTQTAACCS'ATO-" SBQIDN0.37 
Sxnal 

5- Se^TCCGATCAAGAATCAGCCCAAGC 3' ANTR SEQ ID NO. 35 

BamHI 



Th^ANTFCR aagmeM is A-tailed and ligateS i^to pGEMT, and then escfsed .vith Smal 
and BamHI and ligaied into the Smal and BanjHI sites of ihs foUowing vectors: 
IT8-BJ36 vector. 3' to fee 778 promoter and 5' to the ocf tennhwtar signaJ, foimmg the 
vector T^8-A^^:-BJ36 

TT12-BJf3$ TOctor, 3* to itje m2 proroot«r Mid 5' to the <KS teaminainr signal, fotmitig the 

vector TT12.-ANT-BJ36 

3KO-BJ36 vtctctf, 3 ' to The INO prta*»tftr tod 5* to the ocs tenninator signal, facaung the 
vector INO-ANT-BJ36 

BAN-BJ36 vector. 3' to theSAJVjtfomoter and 5' ro the ttoniiwtor signal, fanning ite 
vector BAN-ANT-BJ36 

Constmctksfl of c«jftfesaioa veotois ^Cfa ta ktegumBntfseed coat promoter driving the 
crCBlfl ,g«ne is desodbed below. Tbe CTCW/i gene (farmerly OycJMi; IfcrccJia 
1994; VandfepbdB 2002; At4s37490. accMstcm no. NM_1,W£H3J is amplifled by ' 
PCR fioiti Ani&iifopKj- fA«i£a«a cDNA using the primers GYCB IF and CYCB IE which" 
introduce a Smal and a BamiH ske a the y iwd 3' eawJs of the CFCBi;i PCR Ixagmeat 
iBspeofively. 

5' C^QGGCACTAAGATGATGACITCTC 3' CBIF SEQ ID NO 39 

Smal ■ • 

S-eS^I^AAGCXSACTCATrAGAClTCTS'CBlIl SEQtDH0.40 
BamHI 



Thfc CrCBJfJ PCRfeagaientis A-taaed axid figatedintopGEMT, and thm exdsedwilb 
Smal 0jxd BamHI tod lig^ into the Smal &od Biaxm rites of the foHowing vectors: 
TT8.B J36 vector. 3' to the m premoter aiid 3' to ihe m teairinatctf signal, fonning the 
vectcMT rrS-CYCBl;l-BJ36 
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TT12-BJ36 ve^itor, 3* to tiie TTiS proraoter aad 5^ tothe.c^cjfteimanatar sig^jaJl, fcminigtlbi^ 
vector TT12-CyCB 1 ;1-BI36 

1NO-BJ36 vector, 3* to s3i& ZWO piOmOto and 5' to the ocs terminator signal, fcMskg tbe 
vector INO-CYCBl;l-.B]36 - 

BAJSr-BJ36 vector, 3' ?0 tbeiEAi^piOniotcr and 5' to the qcs tcaxnfaator signal, fomuHg Ihe 
vector BAN-CYCB1;2-BJ36 

/2c- Cojnstrucskffi &f binary \f&i!tt>r$ i^tmn^ormaUon ^%£o Arahidopsis j^ojUamz 

Bxpx&^&ion cassettes (inebidiag the ocs tejaaoinator) ais exdsed with. NotE £cot^ th^t 
following vaotois 

TT8-CYCDS;1-BJ36 
TrS-n!Tl-BJ36 
TTS-AOT-BJ36 
Tr8-CYCBljl-BJ36 

TO2-rPTl-BJ36 

TTI2-ANT-BJ36 

TT12-CYCBi;3-BJ36 

]NO-CYC3D3;l-BJ36 

INOIPT1-BJ36 

INO-ANT-BJ36 

INrO"CYC3Bia'BJ36 

BAN.CyCD3:l-BJ36 

BAN-IPTi-BJ36 

BAN-AI^T-BT36 

BAN-CYCB1;I.BJ36 

^nd ligated into the Not! sites of ihe binary veetox B J40, foaming the following vectors for 
TX8-CYCD351-EJ40 
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. TrS-IPTl-EJ40 
TTS-ANT-BJ40 
TT8-CYCB1;I-BJ40 
TT12-CYCD3;1-BJ40 
Tri2-IPT1"BJ40 
Tn2-ANr-BJ40 
riri2-CYCBW-BJ40 
INO-CYCID3a-]BJ40 
INO-IPT1-BJ40 
INO-ANT-BJ40 
INO-CYCBl ; 1-,B J40 
BAN-CYCD3;1-BJ40 
BAN-IFn-BJ40 
BAN-ANT-BJ40 
BAN-CYCB 1 ; 1-E J40 



The trinaiy v^etois a» tranfifmmed iatoAgrobacicrium mmejhciens and daea into 
Arabidopsis AaH^ma. 

I Zd Analysis cf seedt^Sgkcs m trem^armmts 

Results ftom so*e priumy ferasfannaios using the mpromote arc shown in Table 2 and 
Hg. 21. The histogram shpws that s^s from IT&.-CYCDS. J t^6'TIS.:-IPTl plants W a 
broader cJistdbution and higher peak of weights fidan the controls. rr8::DidA lines wmb 
us«i as controls, as expression of the uidA gene is notfonnd to affect plant growth and 
develcpment tnm.^ 77^.vCrC2?5.'7 plants jaoduced seeds up to 97% heavier than 
controls. With a mean increase over 27 lines of 37%. Tr8::IPTl plants produced seeds np to 
107% hfeavicff, with a mean increase oror 24 lines of 2$^. The mean weights of 
Tr8::CYCD3;J[ m.vZP27 seeds were compared with <hc conteols using t-t«ts and 
found to be «snificantly different from the coirirols wife P<0.000- ft should be noted diaj 
some of the mtB?n Itow. tooludiftg the highest wdgfaing Kne. also had a vegetative 
Pbenotype including dwarfing, serrated leaves, and low fertility, most due 

to the ITS pronjoter driving vegetative expression aSIPTI in dome lines. Howevea- liQe^ 
with normal vefietative development also produced laige seeds. It is liiely liiat iregetafive 
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expression <if TO coiild b& prft veuted if raquired by the technique of promoter dissection 
Oiandrasckharan etai,^ 2003). 

13 Constnicfaon, tramsformationy and axialysis of expression veetotTS ^Rftt increase 
expression of a gete ipromodng cell dhision in tbe integUmentsfefied coat ofBrassina 
Ttapus 

The bkifliy vectors described in Example 12c (above) ara txansfomied into Brassica napus. 

14 CottStimttion of aa expressioa vector containmg a sepal-aad petel-specific promoter 
driidns MATT amd transformafcion into jmiji^ mutants 

The clomng strategy is shown In Fig. 22, 

Jn^d Cmstruciion cfan ^wri<?n Vtf«;r4?r on the AFSpramatar 

An expressioa veetor based on the proxsaoter of the g^ne (Jack cf al.. 1992; At3gS4340, 
accession no.Ayi42590) is constructed as described below. A 1 kb ftagmeat inclu<iing the 
AF3 promoter is aflXplifiM by ?CR from Arabi^psis thciliana genomic DNA 6' to 
translational statt of the AF3 ^ene usin^ the piimers AP3F and AP3R wWch mlioduc& an 
Ndel and a PstE site at the 5^ and 3' eads of the PCR fragmertl lespecti vely, 

5' AAAe^aVaaGATACACAAGTTCm 3' AP3F SEQ ID NO, 41 

Ndcl 

y AAASmCAGATTClTCTCTCTTrGTrr 3^ AF3R SBQ ID NO. 42 

Pstt 

Tha AP5 PCR fraginent is A-tailed and lighted into pQEMT, and then escfeed with Ndel 

PstI and Hgated into the Ndel aad Psil sites of the E J36 vector, 5^ to the ocs terminator . 
signal, foraiing the vector AP3-B J36. 

Mb Construction of cm, expression veci-?r cmimmng cm AJP3::MNT, expression cassette 
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Th^ MNTcDNA with Xhol and IBb^ is ampKfied by PGR &om An2bi^j»is 
rMli^ cDNA lighted mto pGEMT a. d^saiibed in Example Sa, alH>ve. Hie i>rf?^rPCR 
fr^™t is ^ei.«l with Xhol and BamHT Kgatedinto the ^Ehol and B^oxJEH sites of the 
AP3-BJ36 va.tor, 3' to flxe APS promoter and 5' to fte ^ t^nator, fom^'ng the v«tor 
AP3-MNT-BJ36, 

The^5.vJWWrexpicsdon cassette G»d«diBg the is^miaator signal) is exds.^ W 
AP3-MIST-BJ36widiNc«I and cloned into fbfiN«r sites of the binary 

The binary vector is t^onoed mtoAgrota^^ U^acie^ ^ ^int^Arahidap^ 
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Table 2 Seed weights in individual primal^ transfomianfs from 7T8::GUS 
(control), TTS::CYCD3;1. and TT8:;IPT1 families 





TTStiGUS 
(controls') 








17.0 UK(ir=52) 


19.0 Jig (J1-77J 


21 .55 iJig in— 




14.2 (79) 


21.6(61) 


15*0 ("0-*^/ 




14.7 (5l"i 


22.5 (52) 


ji^,^ too J 




13.9 f47) 


17,9 (52) 


2U.y \y^) 




14.7 (66) 


17.5 (63) 






15.1 (43) 


16.9 (89) 


iy.3 (oV) 




14.2(50) 


16.$ (54) 


'^19,9 (IIV) 




14.&(61) 


1Sk6(57) 


1 /.y 






13^9 (54) 


L /,/ (DO) 






243 (o4) 








21 ,9 (57) 


1 J-Z V^OJ 






29.2 (491 


1 7 /^ON 






18,2 (49) 








17.0 (72) 








23,0 (45) 








18.6 (5o) 








28,1 (56) 


in < /"iiT^ 






20.1 (47) 


i ft & /'/^5^^ 
lo.o 






17.8 (47) 


15»8 (65) 






18.8(58) 


22,1 (47) 






26.1 (55) 


14.2 (4/) 






16.4 (35) 


iy.o (4^y) 








173 (50) 






19,5(49) 


*26.7 (51) 






16Jf51) 








25.8 (58) 








18.0 (62) 










=^plants with very 
low fertility 


Mean 


14.8 


203 


19.0 


Range 


13.9 to 17.0 


13.9 to 29,2 


11,2 to 30.6 


Staadard error 


0.3 


0,8 


0.9 



ftest for control v$ TTS:;CYCD3;1 and TT81IPTI, P < 0.000, significant 
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SBQJDNQS 

1 • Jmr genomiic X>NA vf.t Ctjl-O 

3 MNT predicted protein w.t. Col-0 

4 »iBf-J genorcric DNA Col-S 

5 eDNA Coi-3, transktional start to stop 

8 R primer for amplifying Brassica napus ARF2 cDNA 

9 cDNA, transladoniil start Co stop 

10 BnARF2 predicted jat)tein 

1 1 F primer for 7X8 promoter -wdth Ndel linker 
^ 12 ^F:inasr form pxDinoter with FstI linker 

13 F pdmer for m2 promoter with Ndel linker 

14 R prim©: for m2 promoter wiUi PistI link&r 

15 FprimerfbrM^VTIWAi fragment with^^ a^idA^oIHnket^ 

16 R pniDfir for MNT ENAi fragment with BamHI and Sawl Jiixl^xS 

17 F primer fOT-5«Ai2ra RNAiYragment with Xbal and AscI JinJc^s 

19 F primer for TTB promoter with EcdRI linksr 

20 R primer for TTB pwmotcr with Ncol linkeff 

21 F prim&r fox INO promoter with EcoRI linker ' 

22 R primer for INO promoter with Ncol Imk&t 

23 FplfiiSfirfdrAfA/T^gDNAwithXhol 

24 R prim^fT toxMNT cDNA wilfa ifiainm Oinkftr 

25 Fprim&r for £>iARF2 cDNA wiili Sthot finfcer 

26 Rprimerfor-B«4AiJ:2cmAwithBammHsJcer 

27 ^^^F^iJ^^^srforiMPpramDtarwiA 

28 R primer for /A?*!? promoter with PsnTHa^ 

29 R primer for TTS promoter with MM linker 

30 Rpi^«cforiA^f3pron3otcr«rfthMIurii^ 
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31 F piimer for BAN promoter wilib Ndel linker 

32 R primer for SAN pfomotaf with PstL Hafcsr 

33 F pirticr for CYCD3;I cDNA with Saaal linked: 

34 R primer for CYCD3;I cDNA with BamHI Imfcex 

35 F prinoer far IPTI cDNA. with Smal Jihk&r 

36 R primer for IPTI cDNA with BauiHI liiilssr 

37 F primer fixcANT cDNA witlh. Sraal linfcea: 
3S RprithCrforAWrcDNA wiihBaiiiHrii^te 

39 F primer for CYCB2;J cDNA with Kuto 

40 R primer for CrCS2:l c?DNA with BaittHI linker 

41 F primer far AF5 promoter wifii Ndel linkar 

42 "SipsSimesit&ytAPSptotriote^ 
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SEQIDNO. 1 

MNT wild-ljfpe gBaomio DNA, Col-fl 

agccattttgtaactgaccaccgagtaatots^aatctgagctmtattaatoggattgaateaatto^^^^ 

ttttmgtaamatntaaaaaocaaacaacctgagattaaaamtaaffittactgu^^ 

atatttatcteatagtttalaacaagiagcagGtgaaatttgtatlactagc*^^ 

gttoa^s^twteaj^rtattaagaaaatagtt^ 

SSaagasattaggagaaaggaagcatgaaggoa^ogcatttetteattegtif^ 

gtaatcacttaacattgttatmtcaaaaaatcaattagtaai«,aGaaaaCtttgtcC4^ 

tattgtaagaagctctcccccttttactatgtaattcaa«;ccaotetaatt£te^ 

gggttggtaatgacacamcattaacagtgttagaga^tgattc«tteBttm«^igt^^tgttag^ 

gaaaatacteaaaatutgtegtgtaamagataat^acgaatatggttttgaaatatttatggatat^ 

gacaaaaaaaugagcacatmgctogttttocatcaaccctatttctccaatttgttea^^^ 

atcaaccctatctagctaftagtattactagaaattgacaataaaggaaacattcacgtgt 

jacagttattatatactgaglactagtatacgttgatgttatcaataataaaaactcgaaattaa 
gtattattttatetaataatetentaaoaitatt^ctactgfa^ 

caattaJaggtotataactfatgtatetgtecgaataatggtctoaims^ 

acacaagaaaatagaagagataaaaatgataaaloagctalgta^glegtatg^ 

atatoaaaatiatcaacaagcctcgaacacaaactaacaaaa^cctgigtctact^ 

ataaaaatttcgtaggcttteaggacacaagatteiuttoatttatotaaatggteatgBagt^^ 

atacgaagacoaiatatttagattattaaasaaaaaacgasaaaagaagaaagaaaatafaaaaaaatsgftt^^ 

gattcctacaatggttgcttttagaccacacacaaatg«tacacagta<rtcttgggteccacaoc^^^ 

gaamcctotec^atlttctegtoctmcctctcaatattgtatogtctegttttcca^^ 

aa*ag,.atatttttanttccatcgnatcctsat^^ 

gagatagftt«gtgttgttaaaaataaittstgcaaaatagfe<gcgtgtgttaaataaaaac^^^^ • 




»g]Camftatataaagaaaaa^saaa 

Sagagatgaaggtgaga^gaatgaaagagcegtsagcgacaeffitftiga^gataggagi 

agcgtot 



gaMa^ttgattm 

ttcattcgtaamggacttaattmtcttaggaacactaattaatcttatt^casctgto^gagtssac^^^ 
cagattttottcctttttaacgctta^ttaoaaoastaifttgmmtgcaaita^^^ 
caicccattagccagctgtatteagtgi 



aat 
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talatctgagttStaattgaattagagaaaataaaaflac 



ccccta^ggattttttttggcaacttgagtattU^^^^ 
,.go£gttgaaatgattga.g=tgagttttgacfecd;^gttaaguc.«ttgg<^ 



aai 

CC] 



astgiga«gt^ttstt^g4ataaagaca«aggaasgaatcaastgga.mcc^^ 

■^<KlAGGTITCAATGAAAGGTAATCGTGGAGGAGATAACTrCTCCT^^ 

TTAGTCACOTAAGGAGACTAGAAATGTCTCCGTCGCCGGCGAGGCKKIA^^ 

GTAATTCrACCCGATCCQCTGCGGCTGAGCGTGCrrgmgtctecsm«ttaggsll^ 

^ggtt.caga*tga«tgatcmttcaKa™ucg«.ttcatag^rOGACCC^^ 

LGAGCTATGGCACC3CrrGTGCTGOTCeGK:iTaTGACGOTTCC^^ 

ACCGAGTCTrCTATmCClCAAGGACACATCGAGCAGglsasatatttcatot^^ 

GQlGCKn™ACGAACCACK3CQGC:AOAACAACAGATGCCTCrrCTATGA^^ 
GTGAAAGCTrCrcraTCGAGTTATTAATGTAGArrrA.'^Aegteggmcttteacttc^ 

ttg-tttctgtgtct^gattsto^^t^caagagttttgUtatgatt^^^ 

TrATCCGCAGATTACTCTTCrrCCTGAGGCTAATstaagttttgttttclsatttetts^ 
aggtgatcttattcttcaagatgctgaattotatatattttttgttccatacagCAA^ 

GAAGCGCCTCTTOTCCACCTCCGAGGTrCCAGGTGCATKIGTTCT<K:!A^ 
TG^CTGCATCCGACACAAGTACAeATGGTGGATrTTCTGTrCITAGGOGAC^ 

QG^TGAATGTCTCCCACCTCTGgnggtgtncamgcgctKiaactaJmito^ 

»GATATGTCrCQACAGCCTCCCACrCAAGAGTrA 
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GTTGCAAAGOATinrGCAlXKnAAATGAGTGOcGATTtrAGACAT^ 
ggaatci^taactltmannctgattlctcgagtrtgtgtgteatoaaartcatclggttgt^ 

CCACGGAQGCATITGCTACAGAQTGGGTQGAGTGTGTTrQTrAGCIOZAAAAGG 

CTAGTTOCAGGCGATGCGTTTATATTTCTAAGgtttgtggattttagncattginK 

gttKtataatstggMmtcttaatottctacagGGGCGAQAATGGAGAATTAAGAGTraGTGTAAGG 

CGTOCGATGCGACAACAAGGAAACGTGCCGTCTrrCTGTrATATCTAGCCATAaCA 
TGCATCTTGGAQTACTOGCCACCGCATGGC^ 

aEtamgtagalgcttggf^saateactetactaaattttca^ 

AGTrrATTaTrCCGtTCGATCAGTATATGGAi3TGTGTTAAGAATAACrAC^ 
GGCAWAGAXTCMAATOAGATTTGAAGGGGAAOiiGGC^ 

cctgtcttctgctmgaaatatgttagctetl^gcctmtfltcttggaataacgaacctaacMgttgt^^ 

TGGCACAATCGTTGGGATTGAAGAGTCTGATCCTACTAGGTGGCCAAAATCAAA 

GTCGAGATCCCrCAAGgtatgacctagHtctagagaggatcaagactattgmgaatataalgaatgctgattgtteaa^ 

gtctttcagGTGAGATGGGATGAGACTTCTAGTArTCCTCGACCTGATAGAGTATCTCC 

GTGGAAAGTAQACKICAGCTCTIXjCTCCTCCTGCTTrQAGTCCTGTTCC^ 

AOOcCTAAQAGGCCC^GATCAAATATAGCACCrrCATCTCCTCACTCT^ 



^tetaattMttgtTCaMaMo^gGTACAACTAAQGCAAAjCAT^ 
ACrTTTCAAGGGTCrTQCAAaGTCAAQAATAC^ 

TGAGAGTGTAOAGTQTGATGCTCCTCAGAAirrCTOTrGTCrrQGCAATCT^ 

GATGATGATAAGGTTOACGTGGTTTCGGGTrCTAGAAGATATaGATCT<L^GAA.CT 

GGATGTCCTCAGCCAGGCATGAACCTACTrACACAGArrTGCTCTCCGCHJI^ 

GACTAACATAGATCCATCCCATGGTCAGCGGATACCmTTATGACCATTCATCA 

TCACCrrcrATaCCTCCAA!%.aAQAATCITGAGTOATTCAGAAGOCAAGTIX::GA 

ATCTTGCTAACCAGTGaCAOATGATACACrCXGGTCrCTCCCTOAAGT^^ 

ATCnV^TAAGOTACCTGCAGCAACTGATGCQTCTCTCCAAGGGC^^ 

AAATACAGCGAATATXXrrQTTCTrAATGQTCTATCGACTGAQAAl^ 

ACTGGCCAATACGTCCACGTOCTTIGAATTATrATaAGaAAGT^ 

ACKGCAAGCTCAGGCTAGGGAGCAACnrAAC^AA^ 

AGOAGACAGCAAAGTCAAGAGAAQGOAACTGCAGGCTClTrGGCArrCCrCTGA 
CCAACAACATGAATGGGACAGACrCAACCATGTCTCAGAOAAACAACTrGAATG 

atgctgcgoocx;ttacacaoatagcatcaccaaaggtivc^ 
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AGTCAAAAGGGTCAAAATCA.'^CAAA.OGATCATC 
AGACTAATAATCCTCATCCGAAGGATGCTX:^^ 

AACm-CCAMACTATGAGGAGTTAGTC 

ATGGAGAGTTGATGGCrcCTAAGAAAQAT^ ' 
AGAATGATATGATGCTTGTTGGTGACGATCCrrG<KIAgfcaa 

TCTTCATATACACGAAAGAGOAAGTGAGGAAG^ 

GTAGGAGCX^AGGAAGAAGCAGTrGrraQGGAAGGA^^ 

AAGTCTGCATCAAATCCrrCATTGTCCAGCGCTGGGAACT 

d^tgtttgttci;gftaatga<agcaggatgggggtcgat<g'gt^agac^^ 

ggctggtatcggtttitttttatggaigt^u^ 
caagclx::ttg<xcuttjitaattaLi^ ' ' 

J)4WT complete cDNA 'wild-iype Col-0 

cccattggtcgcctcamccca^aaaflacaaaaggiacaggaaagacgaagaaataaaaagagagaga^^^ 

tctgagagacaaaacaagagaaaatcgctcgtcgtoggtettcaagcgtctgtgactccgataaagcirf 

gagagagagagagagagagcmggagiigtcgtatcactaaatcggaggcaamg 

gtggactaccgastgcgpE^tttt^gctttttoagagacggatttgga 

atgaaacagatctgagcncggaaggcal^c^gttcggaggixtcaatgaa^ 

cgtgctoggacccitsaggcrgctctttacagagagctalgg^^ 

gagtcttctattttcctcaaggacacatcgagcaggfggaggcttcgacgaaccaggcggcagaacaacagatgcc 
ttccgtcaaagd:tctctgtcgagtta.ttaatgtagatttaaaggcagaggcagatacagatgaagt^ 

gaggctaatcaagacgagaal^caattgagaaagaagcgcctcttcotccacctccgaggttccaggtgc • ... 

ttgaetgcatccgacacaaglacacatggtggattttctgttcttasg<5gacatgoggat^ 

catttgctacagagtggg£ggagtg^tttgttagctccaa^gg(^t£tgttgc^gc-g^ 
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agaattaagagttggtgtaaggcgtgcgatgogacaasaaggMacg^gcogtctte^^ 

tocgttcgategtatatggagtctgttaagaata^wtactetattggcatgagatteaaa^^^ 

^gaggt£ta6tggcacaatcgltgggattsaag^ttgate«acta|#egcaaaaataaaagtggagafe(^^^^ 

atgggatgagacttctagtattcctcgacctgatagagtatetccgtgsaaagtagagcc^ctcttgctcctcctgc^ 
eeaatgtetaggcclaagasgtecagateaaatalascacctt^ 

<»aaoatggaccctttaccagcaagcggacttteaagggtcttgcaaegte^^ 



ccatcc 

catggtcagcgg 



gatt 

atcftgctaaccagtggcagatgatacactotggtctctecotgaagttacatgaatctccto^ 



c»acgtgcttfgaattattatgagsaagtggtCiaatg<Jt6aagcgcaagttaaggrtagggagcaagtaacaaaac^^ 

atacaagaggagacagcaaastaaasagaagggaa«gcaggi5tc«tggcattectcagaccaacaacatg3 

caaMatgtcifiagagaaaeaacttgflaigaigciscggggctiacaeagatagcatcatcaaaggttsj^^ 



cgccaagtatgi5atoaaatocttcattgtteas6g«sggaatrtcttaaacaaaM 

ggatgggggicganggtgg2gactggagagcaaaatgggatgatgggttraagataa.g2iattaaaaatec!aaftt^^ 
gtcggtMact£agataatia^atd:ttdcatcaa5Cttaitat«at<;!taat«tataa^^ 



gaiijammttcnctrccaaagatetcttga^ettmt^ttat^ 
ratcngtcgatte 

iS5Q3EPNO-3 

MNI predicted pioteaa Wild-t$ipd Col-0 

MASSEVSMKGNRGGDNFSSSGFSDPIOBIENVSVAGEGQJES 
AALVEELWHACAGPLVTVpRQDDS^VFm^GHEEQVEASTNQ^^Q^^ 

LTASDTSTHGGFSVLRRIlADECLPPLJDlMBRQPPrQELV^ 
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HSJ«KILQVLATAWHAISTGTMFIVYYia>RTSPSEFIVPI©C^^ 

QGQEYSlIJlTKinESVECDAPENSVVWQSSADBDKyDVySGS^^ 
RHEPmi)LXSGiFGTNroPSHGQRIPFYDHSSSPS^IPAEm;SDSEGKE^ 

LNYYEEVVNAQAQAQAEEQVTKQPFnQEETAKSEBCa^CaiJPGlPLlNNMN^^^ 

MSQElWim)AAGLTQIASPKVQDI^DQSKQSKSTM3HEEQGM»FQTl^HPKDD^ 

TiCTNSSRSCTKVHKQGIAtGRSVDLSlgPQNYEELYAELDlUJS^TGEL^ 

Lm-TDEElTOl^IMLVGDDPWQEFCCMVKaHYOTEVRKMNTO 

GEOSDAKDAKSASNPSLSSAONS 

SEQmNO.4 

/Rftt-i geaaaaie DNA Col~3 

AGCCAirritSTAACrGACCACCGAGTAAXCTGTAATCTGAGCTCTnTAT 

TAATCQQATrGAATAAATrCGCTTGGAGTCCGTCAGTCGTCTCCGTGAG 

CGCCm3TCICAOTGCTIGAGCrGATGAAGTGCGATJu^TQA^ 

GTTGGGATGGAOACCAAAQACCACCATrTrATITrAT^ 

ATrrrAAAAACCAAACAACCTOAGATrAAAATriTAATriTrACT^ 

GTAGTAAATTrCGGTCCTGATTAAGATTAGGCATATTTATCTCATAGTTT 

ataacaagtagca<x:tgaaatttgtattactagcttatagtaattaaac 

-tAAAAACrACGTTCCAGGTTrrAAATTATrQTrTAAAGAAGATATAATA 
ATATATTAAGAAAATAGTrAATrAAGGTAAGGAGGAAAQTAGGGTTXG 
QTCTGTAGGtTAGGGtrCAAAGAGGGAAQAGATTAQGAGAAAGGAAGC 
ATGAAGGCATGACCCATITCXrCAATTAGTGCTCCTTAATCTGGTaACAC 

GTOTAGGlCCCACGTOTAATCACrT^ 

ATTACrrAAAAACAAAACTTTCmiCATCATCAAATA^^ 

GTCOTGOrrAGAATATraTAAGAAGCTCrc 

ACCCCACTCTAATrrrrAAAATATITATGTAA-'^GCTTTACCCGAAAACAA 
TC^ATCATGGOTrGGTAATGACACATITCATTAACAGTGTTAGAGAATG 
ATTCCriTAATrrTTCTACAGTAAAATGTrAGGTGATCTGATTGTACTAC 
ATCGGAAAATAClCAAAArrATGTCGTGTAATITAGATAATGGACGAAT 
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ATGGTTTTGAAATATTrATGGATACCCAACAAGAlTKrrT^^ 
GACAAAAAAATAGAGCACATirroCTCGTTTrCC^TC^ 
CAATirOirCACATCATGATCAAAAATACAGTAGCAATTAAAAAArAAA • 
ATAACAAATATAAATGGCTATATAGArCAACCCTATCTAGCTATTAGTA 
. ^CTAGAAATTGACAATAAAGGAAACATrCACGTOTDTGAGCATGrAC 
TAeTCTAC^CU^CATGTCC^<mATTATATACTGAGTACTAGTAT^^ 
TOAlOTTA3CAATAATAAAAACTTOAAATTAAGTATTATm 
AATCTAlTrAACCATATrTGCTACTGTACTAITTAGira.mTCTr^ 
CAACCTirGTATTAAATATXraTACrATTAGTITCAATTATAOGTCTATC 
ACTATGTATATGTCCGAATAATOGTCTAAAATraTTAATATAAAATACA 
GATTTTATITCAGCTAAAGATAGTTGAAATTACACAAGAAAArAGAAGA 
GATAAAAATOATCAATCAGCTATGTAAGACGTCGTATGGATAGTICAAT 
AATraTCGTAATACTTAAAGACATATATCAAAATTATCAACAAGCCl^^ 
AACACAAACTrrACAAAAAGCCTGTGTCTACTITATGAGtGTITGATTAT 
TAAATTGCAAGGTCGTAGTATAAAAATrrCGTAGGCTTTCAGGACA^ 
OATTAAATTCATITATCTAAATGGTQATGGAGTACrrTTArm^ 
TClAAAATGGTGATQATATACGAAOAcXATATATnAaATTATTAAAGAA 
AAAACGAGAAAAGAAQAAAGAAAATATAAAAAAArOGlTlTrCTTm 
AACGGACAAAGAITGCrrACAAX<K}TTGClTTTAGACCACACAC^ 

TACACAGTACTCTrGGGTCCCACAa^XCTTAGCAAGTaCGlTACCAACA 
CGTOAATTTCCTCTCCCCATTITCTCGXCCmTCCTC^ 

GTCTCGTTTT CCTTGT CATATCGCGtGTGACGTGTrATTGGClTATTGCTG 
AACAGTCTTCTTITrrATITTCCATCGTTATCCrGAriTITr^^ ' 

AATITGATITTCATGGITrGTAATTrrGCAATAQAITrTGTGlTTCACAG " 

AGAGATAGTTTACGTGTTGTTAAAAATAAXTrGTGCAAAATAQTGTGCG 

TGTQTrAAATATTAAAa5ATATATAATAATTAaAAGAAAAT..7vAA^a^ 

TrGTCGCGATTAGTTAm-GATATITACXnTOTT^tTGTITATCGCT 

OACAAGCACCGACGGTATAAA-^TATAAAGAAAAAAAGAAAGAGAGAT 

GAACGTGAGATGAArGAAAGAGTCGCAOCGACAGATCTOAAGAQATAG 

GAGAAAGCGAAnTGAOACGCTQAAAATTCCAGCG-rcTACGGAATGGC 

CXSAATTACAGTCGATGCGGCAGAGATGAAAAAAATOAOAAATGAAAGT 

GAAAAAGAGATGAGAACTITrTTrGGGTGGCAGGTAGCrGACGCAQCA ' " 

ATCAACAAAAGAACATGGCCAACGTTITAGTAGATACrACTATAAAAOA 
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AMAGGTrGATITAATrcATrCGTMT3T<30ACrTAATr^ 
ACACrAATTAATClTATrrCCCAaCTGTAt<3AGT0GM:rACAATAAA 

crr<?]CcrATAAACCAGATrrTCiTCCTrr^ • 

ATATATC?rAAATATGTAATrATGAaK30GCATACGGAA4.TTTAATrr^ 

GAAGCAGATTCATCOIiiSTrAGCCAGCrGTAlTAAQTGGTAATa^ 

TrAATTrAGTTGTrcAGC.*^TGATrrTAQATAAAAlCAACTACTAGTrT 

AAAATAACrATCeAATGACrGTTAAGGCTraJTATTTrrXGlnCCrGCC^^ 

CAGGATATCATAAATATCGrrGAGGTrCGTATAATATTCGACGATCTTTr 

ATATATCTGAGTIGTAATTGAATrAGACAAAATAAAAAACAGATAAtGA 

AACGTCTTrGTrrTTCCATAAAAAGAAAAACAGGGTAAArrAAAGTACG 

AGAGATTCACGAGACGAAAATTCCTAQAGGOKSACGATAGCC^^ 

TCATAGAAAATGACATCCGAAATATCrrTAAAATGCTAAAATGCACATA 

TnrrrKnGGKKKACGTAGCAim^ 

CACCCAGACCrGCCTOTrcACAGGACGAGAMGCCACTTCX:CAATAAAA 

ACACAACACCmCCCATimCGCrcTCmCCCAAACAGCXJT^^ 

TTTACCCAATCAAAAGTTGAGGCrTGCTCACGAClTGTrGACGCCGTrAG 

TCCCATCTAAAAAAGTAAAGCAGCCITTCTTACrrrGCTAATCCCCrCTAC. 

ACATTTAATITATTITCTGCCCTAATGGATrTrTm ' 

TTATTTITCAACTCACAGTAACTGTAAATAAATAAAAa^^ 

AGTCACCAGTAAATAAATACTACCAGACCATAGTmrrCSAAGAATrGT 

TrrGGTCAACAAITrTAGGATGACTrAAATrQ<rrATAmClGGGG^ 

ACGACTTGGAAATGTCXOCAATITGGOTCTITTCTTCAAtCT 

AATirGTrrmAAAAAATTAAATTITAGA^ 

CTATTQAAA^iQQCrrrATrAAAAAATAAGAAAAAGTGGAGaAAAGAAA 

ATAAAAlGGTCACTTGlCriTQGTTTTGTGAGGTCGCAGACCCTGGTCC 

CCGGAAATCGTTACAACGGGTAATAGCCGGTATGAAAGAGGGAATGGT 

AACCGGTGAATCCCGGTTATCCATATGGGTTAGAAGlrrACCGCOQTTG 

AAATGATTGAAGCTGAGTmGACTACCTCTGGTTAAGCCCATTGGTCG 

CCTCATACCCAGAAAAACAAAAGGATAGGAAAGACGAAGAAATAAAA 

AGAGAGAGAATGirAGAGAGACAAACl-CTGAGAOACAAAACAAGA^JA 

AAATCGCTCG103TCGGTATTCAAGGGTCtGTGACrcCGATAAAGCCT^ 

G4.CrAGCGAGaACQGCQAGAGAGAGAGAGAGAGAGCITrGGAGTTGTC 

GTATCTCTAAATCGGAGGCAATTimGGTGAAA'lTGGtGGTr^ 



uiitners is= Kdgers ..Fax:441179253530_ 25 Mar '04 17:11 P.64/gr 



TGAITCTAGGGTTrAtt:TIC7X:TGATAGTTTrATCGAGTAATGT<l^^ 
GCTAAACTAGTGGTGAITGTGTTrGrrAGTGAGATAAAGACAAAiSGAAG 
GAATCAAGTGGACTACCGAAGCOAGTTTTGAGCrmTCAOAGACGGAT 
TrGGAGAirTCTTGTTGATATCGTCTGCTrAGAGGCTTAlTraQTACCAQ 

ATGAAAQ^GATCXGAGCrXCGGAAGGTATGGCGAGTOGQAQGTITCAA 
TGAAAGGTAATCGTCQAbGAGATAACITCTCCTCCI^ 

CCCTAAGGAQACTAGAAATGTCrCCGTOSCCQGCGAGGGGCAAAAAAG 

TAAlTCrACCCGATCCGCTGCGGCm\GCGraCriWAAGrcTC 

TTAGGGTTTCTTAAGCTTGGTTrrGQrrACAGACrGACTrGAT^^ 

ATCTTCITOTCTrCGTCtrCATAGlxkJACCCircAGGCTto^ " 

AGAGCTATx5GCACGCTTGTGCTGGTCCGCrrGTGACQQlTCCTAGAC^^ 

GACGACCGAGTCrrCTATrrrCCTCAAGGACACATCGAGCAGGTGAQAT 

ATTrCATCTATGAGTrCTTGCTATTrrTGGCTAAATCTITOAGTrAACCCC ' 

TCTGTGATTCGTACCTGTTCAGATATITTCTAATGAACTftrGTCGGTriCC 

ATTGTriTATQATrAGpTOGAGGCTrCGACGAACCAGGCGGCAGAACAA 

CAGATGCCTCIC^ATOATCTTCCGTCAAAGCr]^CtCTGrc 

TOTAGAirrAAAGGTAGGrrrClTrAACTTOTGQAAAA^ 

GTGTCTIWATTGTCAQCTAACAAe^GTTnmTrAT^^ 

GAGGCAGATACAGATOAAGTTTATGCGCAQAlTAClCTlt^^ 

CTAATGTAAGTTTTGTTTTCTGATTTAITGGITTOAGTCTTGTAGACGTO 

ATCTTATrCtTCAAGATGCTGAArrCTATATATITTrrGITCCyiTAQ^ " 

AGACGAGAATGCAATTGAGAAAGAAGeGCCTCrrCCTCCACCICCGAOG 

TTCCAGGTGCATrCGTTCIGCAAAACCrTGACTOCATCCGACACAAGTA' 

CACATGCTCGATITrCTG'ITCTTAGGCGACATGCGGATOAATGTCrcCCA 

CCTCTOGTT:^TGTTTCAmGCGCTrCT.^CTATCTATTCATTOGC^^^ 
TTTTCCrmATITTCTTCTAAGAI^ . 

CTCAGGATATGTCTCGACAGCCTCCCAClt^AAQAGTTAGTTGCAA^ 

rrtGCATCSCAAATCAGTCGCGATtPCAGACATAT^ 

ATCTOTAACTTTTrrArrTOrt^^ 

TTATCrTGGTTGlTGATGTITGTGATAATGGACi^GGlCAACCACG^ 
CATTTGCTACAGAGTGGGTGGAGTGtGlTrGlTAQCTCCAAAAGGCrAG 
TTGCAGGCGAXGCGTTTATATmn'AAGGTrrGTGGATTTrAGTTCATro • 
TTrrCTTTAGCTGTATCTGTTAGTITCrArAATGlXtoAATATCrrAAIOT 
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CTACACKSGGCGAGAATGGAGAATEAAGAGTTGGTGTAAGGCGTGCGAT 
GCaACAACA.*^GQAAACGTGCCGTCXTOOTTATATCt-AGCCA^^ 
CATCITGGAGTACrGGCCAOCGCATGGCATQCCAmCAACAGGGAC:^^ 
TGTTTACAGTCTACTACAAACCCAGGTTTGTATTrGTATrAGCrCACAAA- 

ACAQCmCAGTirriTOAGCTCTTTGCrrTGrATGTC^^ 
TGCITGGTAGTGAATCACTCTACTAAAlTrrCATGCC3GTGTTOriTTOTTT 

AATACAGGACGAGCCCATCTGAGTITATrG-CTCCGtTCGATCAGTATAT 

GGAGTCTGTTAAa^XAACTACTCTATTGGG^TGAGATTGAAAATeAGA 

TrrGAAGGCGAAGAQGCTCCTGAGGAGAGGTAAAACCraTCTTCrGCIT 

TIGAAATATQTrAaCTCTTQAGCCimrCTCXTGGAATAAaSAACCr 

CAAGTrGTAlTGATrTATATTAGGITrACTGG<L^CAATCGTrOGaATrOA ' 

AaAGKHmTCCTACTAGCyrGGCCAAAATC^ 

(JTATOACXrrAGTITCTAGAGAGGATCAAGACTATrGTTTGAATATAATG 

AATGCIGATTGTTCSAATrGTCTrTCAiSGTGAGATGGGATGA 
tATICCTCGACCTGATAGAGTATCTCCGtGGAAAGTAGAGCCAGCTCTT 

GCIOTrCCrGCITTOAGTCCTGTrcCAATGCCrAGGCCTAAG 

ATCAAATATAGCACCTTCATCrCCTGACTCTTCGATGCTTACCAGAGAA 

GGTAATCTCTTCCCCTTCCACrGTAGTACACATAGTAGrtiCGTCTGAAAC 

TrAATIGAACTTGTCAGTGGGAGTCTAATTCATOTACACyiAAACAGGT 

ACAACTAAGGCAAACATGGACCCITIACCAGCAAGCKMJACTTrCAAGG 

GTCTTGCAAGGTCAAGAATACTCQACCTTGAGGACGAAACATACTGAGA 

GTOTAQAGTGTGATQCTCCTGA6AArrCimTGTCTQCCAAT^^ 

OATGATOATAAGGTrGACOTGGTTTCCGGTrCrAGAAGATATaGATCrO 

AGAACTOGATOTCCTCAGCCAQGCATGAACCTAClTACACAGATrTCCr 

CTCCGGCTrrGGGACTAA<:y.TAGATCCATCCCATGGt<::A<^ 

TTTrATOACCW.TTtytTCATCACCTTCTATGCCTG<^ 

TGATTCAGAAGGCAAGTTCGATTATCTTGCTAACCAGTGGCAGATGATA 

CACTCTGGTCrCTCCCTGAAGTTACATGAATClCCTAAQGTACCTGCAGC 

AACTGATGCGTCTCTCCAAGGGCGATGCAATGITAAATACAGCOAATAT 

CCTGTTCTTAATGGTCTArcGACTGAGAATGCTQGTGGTAACTGGC^ 

TACGTCCACGTGCTTIGAATTATrATGAGGAAQTGGTCAATGCTCAAGC 

CCAAGCTCAGGCTAGGGACKJAAGTAACAAAACAACCCrrCACGATACA 

AGAGGAGACAGCAAAGTCAAGAGAAGGQAACTGCAGOarCirr^^ 
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TCCTCTGACCAACAACATGAATGGGACAGACTCAACCATGTCTCAOAtSA 
AAa4u^CTrGAAlGATGCTGCaGGGCrrACACAGArAGCArCACCAAAG 
GTrCAGGACdTTCAGATCAGTCAAAAGGGTCAAAATCAAQ^CGATC" 
ATCGTGAACAGGGAAQACCATrCCAGACTAATAATCCTCATCCGAAGGA " 
TGCrCAAACGAAAACCAACTCAAGTAGGAGTTGCACAAAGGTAA^ 

TGCAArATGTAGCACAAAGTGTATOAGGTTGTGATAACCCTTGAATCAC 

TTrrCAACTAACACA1tt2A<i4CATrQATOTAAAGGTrC^ 

TTGCACITGGCCGTTCAGTGdATCTITC^ 

GTrAGTCGCTGAGCTOOACAGGClGTTTOAGTTCAAlX^^ 

GCTCCTAAGAAAGATrGGTmATAGTrrACACAGATGAAGAGAATCATA 
TGATnGCTTOTTGGTGACGATCCTTXK^CAGTAAGAlTITOC^ 

TCTTAGTrrATATCGATGTrAGTGTTriTCITATAAGACTGACAC/M.TO^ 
TCTCrrCITGCAGGGAGTTTrGTTGCATGGTTCGCAAAATC^ 

CGAAAGAGGAAGTGAGGAAGATOAACCCGGGGACrrrAAGCrGTAGQA 

GCQAGGAAGAAGCAGTTGXTGCGGAAGGATCAGATGCAAAGGACGCCA 

AGrCTGCATCAAAlCCirCATrCTCCAGCGCrGGGAACrcTTAAACAAA 
CAAAATAACCAACAAOCCTTTTQCTGCAAG^ 

TTGAGATATTAGTAGACTAOACACACAGCCAAAAOTTTATOTCATTACA 

TrCGACTGATGTITGTTCTQTTAATGACAGCAGGATCGGGC?ITOATTCJGT 

GGAGACTGGAGAGCAAAATGGGATOATGGGlTrAAGATAAGATAlTAA 

AAATGCAAITITTGAAGTATITrGTTGGCCACTrAGAtAArrAGCATClT 

CCATCACCCTTAlTATCTATCrAATAATAATTAATAGATAlTATAAAGTA 

AAACATAAAAAGGTTACAGGTATTATATAGTAGAArATGAAAAGCTCtT 

TTATAAGTAGAATATGATGGTGTGGAGTTOTAGTCGGAGGCTOGTATCG 

GTrCirXXrATGGATGTATTmTTCCTrCTTCCAAAGATC^CTrG^^^ 

TTlTTATrGTrrArATTAATCCCAATGTACATAAGTrrrcAAGCTC^ 
CrrTTrTAATTATlCTTOTCGAriC 

SEQ ID NO. 5 

mm-l cpNA tcansladonal start to stop 

ATGGCGAGTTCGOAGGTITCAATGAAAGGTAATCGTOGAGGAOATAACT 
TCTCCTCCTCTGGTTITAGTGACCCTiAGGAGACTAGAAATOTCTCCGrc 
GCCGGCGAGGGGCAAAAAAQTAATTCTACCCGATCCGC' 



TGCGGCXGAQ 
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CCTaCTrTCeACCCrGAGGCTGCTCTrrACAGAGAOCrATO^ 
eTGCTGG10::QCrT<3rOACGaTTCCn:AGACAAQACaACCGAGTCTTC 

TITTCCTCAAGQACACATCGAGCAGGTGGAGGCTrCGACGAACC^^ 
GCAGAAC^CAGATGCCTCTCrATGATCTrCCGTCAA.^vGCTrCTCTQTCG 
AGTIATTAATGTAQA'ITrAAAGAGGCAGATACAGATGAAGTrrATGCGC 
AGATTACTCirCTTCCTGAGGCTAATCAAGAmAGAATGCAATTOAG 
AGAAaCGCCTClTCCT{XAGCTCCGAC3GTrCCAGGTGCATTa3fXT^ 
AAACCTTTGACnrGCATCCGACACAAGTACACATGGTGGATITTCTCmX^ 
AGGCGACATGCQQA.TGAATt3nK=TCCl^CCTCXGGATATGTCTCGA^ 
CTCCCACTCAAGAGTTAGTTGCLVAAGQATTIGeATCKJAAATQAGTG^ 
ATrCAGAC5ATATATrcCGGGGTCAACCAGGGAQGCATrrGCTACAGAQT 
GGGTGGAGTOTGrtTGlTAGCTCCAAAAGGCTAGTTQCAGGCGATGCGT 
TrATATrrcrAAGGGGCGAGAAtGGAGAATTAA,GAGTTGGTGTAAGGCG 
TOCGATGCGACAACAAGGAAACGTGCCGTCTTCTGTTATATCTAGCCAT 

AOCATGCATXrrrGGAOTACTGGteCACCGCATGGCATGCG^ 

GGACTATGTTTACAGTCTACTACAAACCCAGGACGAGCCCATCTGAGT^ 

TATIGTTCCGTTCGATCAGTATATt^GAGTCTGTTAAGAATAACTACTCTA 

TnrGGCATGAGATTCAAAATCAGATTTGAAGGCGAAGAGCJCrCCTqAGC 

AGAGGTrrACCGGCACAATCCnrGGCATTQAAOAGTCT 

GTGGCCAAAATCAAACJTGGAGATCCCTCAAQGTGAGATOGGATGAGAC 

TICTAGTATTCCTCGACCrGATAGAGTATCTCCGTGGAAAQTAGAGCCA 

GCKrrTQCra^CKKnTTQAGTCCTGTTCCAATOC^ 

GCCCAGAICAAATATAGCACCTICATCTCCXG^ 

GAGAAGGrACAACrAAQGCAAACATCQACCCrrrACCAGCAAGeGGAC 

TrTCAAGGGTCTrOCAAGGTCy^GAATACTCGACCrrGAGGACGAA^^CiA 

TACTGAGAGTGTAGAGTGTGATGCTCCTGAGAATTCTGTTGTCrGGCAA 

TCTrCAGCGGATQATGATAAGGTTGACGTGGTTTCGGGTrCTAGAAGAT 

ATGGATCTGAGAACTGGATGTCCtCAGCCAGGCATGAACCTACTTACAC 

AGATTTGCTCrcCGGCTTIGGGACrAACATAGATCCATCCC^ 

CGGATACCTTITrATGACCATrCATeyi.TCACCTrcn:ATG^^ 

AATCTTGAOTQATTCAGAAGCCAAGTrcGATrATCTTGCTAA^ 

CAGATGATACACrcrGGTCTCTOaDTGAAGTrACATGAAlUrcCTAAG^ 

ACCTGCAGCAACTGATGCGTCrCTCCAAQGGCQATGCAATGTTAAATAC 
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• AGCGAATATCCrGrrCTTAATGGTCrATCGACTGAGAATGCTGGTOCSTA' 

ACTGGCCAATACGTCCACGTGCTTTGAATTATTATGAGGAAGTGGTQ^ 

TGCTCAAGCGCAAGCTCAGGCTAGGGAGCAAGTAACAAAACAACCCTT 

CACGi\TACAAGAGGAGACAGCAAAGTCAAGACAAGGGAACrGCAGGCT 
CmCGCATTOCTCTGACCAACAACATGAATO^ 

TCrcAQAGAAACAACTTGAATGATGCTOCGGaQOTACACAGATAGCAT 
CACCL^GGTTCAGGACCmt^GAlXiAQlOUiAAGGGr^^ • 

AAACGATCATCGtGAACAGGaAAGACCAlTCCAGACTAATAAtxrKTCAT 

CCGAAGGATGCTCAAACGAAAACCAAerCAAGTAGGAOTraCACAAAG 

GTTCACAAGCAGGGAATTGCACTTGGCCGTTCAGTGGATCTl^CAAAG^ 

TCCAAAACrATGAGGAGtTAGTCGCTGAGCTGGACAGGCTGrrraAGTr 

CAATGGAQAGTrGATGGCTCCTAAGAAAGATTGGTrGATAOTTTACACA 

GATGAAOAGAATGATATGArGCrrGtTGGTGACGAICCTTGCCAGGAGT 

TrrOTTGCATOGTICGCAAAATCTTCATATACACGAAAGAGGA^^ 

GAAGATCAACCCOGGGACTTTAAGCTGTAGGAGCGAGOAACAAGCAGT 
TOTTGGGQAAGGATCAGATGCUWAOGACGCCAAGierGCATCAAAT^^ 
TCATTCTCCAGOKITOOGAACTCTrAA 

SEQIDN0.5 

iimt-l predicted protein Coi-3 

MASSEVSMKGNRGGDNFSSSGFSDPKETitNVSVAGEGQJfcSNSTRSAAAER 
ALJ:)PEAALYRELWHACAGFLVTVPRQPI)]R.VFYEPQQH^ 

QQMPLypLPSKIXaiVI^m:>lJatQIQMKPMRRD^^ 

fLhlrgsrcirsakp 

SEQmNO.7 

Poiwtal primer for ampHifyhig Brassica napits ARF2 
5' ATGGCGAGTTCGGAGGTXr 3' 
SEQXDN0.8 

Reverse primec for antpliftfeg Bmssica nepus ARF2 
5' TGGACAATGAAGGArrrGATGT 
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BnARF^ cDNAv translationfll sum to stop 

ATGGCGAGTTCGGAGGTTICTATG^^^ 
AACTTCTCCTCCGCrGGTTACAGTGACCCGACCto^ 

AGAAAACTCAGTCTAACCGATCTGTGGCtGCAGAGCQCGTTGTCGACC^ 

GGAAGCTQCrcTCTAa:GTGAGCTG1«3GCAC^ 

TGACAGT<XCTCGACAAGATGACCGAGTCniCrAC^ 

CATCGAGCAGGTGGAACCATCGACAAATCAAGCTGCAGAA 

OCCTCTCTATGATCrrcC^ 

ATXTAAAGGCAGAGGCAGACACCGACGAAGXTTAtGCGC^^ 

TCTrCCGGAGCCTGTTCAAGACGAGAATTCAATAG 

CCTCCTCX:G<X:CCCA.4.GGTrCCAx^GTGGACTCC^ 

TGCATCGGACACAAGTACACATGQrGGAtrriCTGTGCTTAC^ 

GCGGATGAATGTCTCCCACCTCTGGATATGTCACGTCAACCTCCTACI^ 

GGAGTTAGTTGCAAAAGATCTGCATGCAAGCGAGTGGC 

ATmCCGAGGTCAACCACGMGOCATITGCT^ 

TGTTTGTTAGCTCCAAGAGGCTGQTCGCAQGCGATGCmTATAT^ 

AGGGGCGAGAATGGAGAATTACGTGTGGGTGTAAGGCGTGCAA 

cagcaagga^a.tgtgccatcctctgttatatcaagccacag^^ 

TCGGAGTArTOGCCACTGCCTGGCACGCTATTTCAACTGGA^ 

ACAGTCrACTATAAACCGAGGACTAGTCCTrcAGAGm 

TGATCAGTATACGGAGTCCGTGAAGAtTAACTACrcCfJlTAGG^ 

TTTAAAATGAGATTTGAAGGCGAAGAGGCTCCCGAGCA^^ 

GCACAATCOTTQOGATTGAAGACTCTGACCCCACaAGGTG^ 

AAAATGGAGATCCCTCAAGGTACGGTGGaATGAGACCACTAGTAT^ 

CGCCCIXJATAGAGTATCCCCGTOGAAGATAGAGCCAGC^^ 

CTGCTTTGAGCCCTGTACCAATGCCTAGGCCT^ 

TCTAGCTTCrrcAACTCCGGACrCTT^ 

CrAAGGCAA.\CATGGACCCTTrACCGGCAAGTGGACTATCAAGGGTC 
GCAAGGTCAAGAArACCCGAGCTTGAGAACGAAACATGTXGAGAGTO^ 
AGAATGCGAIGCTCCTGAAAATTCGGTnTGTGTGGCAATCGTCAAC^ 
GATGACAAGGTTGATGTGATTTCAGCrTCTAGaA.GATATGAGAACT 
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TATCCTCAGQTAQQCATOQACCTACrrTGCACGGATTrG 

Qf^ACAAACATAGAACCACCTCACGGTCAT^GATACCTnrrrATGACC 

GrinnrATCATCAa:ACCTrCTGTGGCTGCAAGGAAAATCCTCAQCGACCA 

GOATCOCAAOTTTGAATATCTTCKrrAACCAGTGCATGATCCAC^ 

CTTTCCCIXiAAGTTACU^TGAATCTaCT^ 

CnrrrTCCAACGGATAGOCAATCCCAA.TTAa2aCQAATATGCT^ 

CGTGCAGTGACGACTGAGAATGCTGCTQGCAACTGGCCAATACGItXlAC 

GTGCTCTAAATTATTITGAAGAAGCGGTrCATGCTCAGGClAGAGAGCA 

TGTGACAAAACGTCCTaCGGTCGTACAAGAGGAGGCAGCAAAaCCAA.G 

AOACGQGAACTGCAGGCTTrTTQaCATTCCTCTGGTGAACAACGTCAAT 

GGGACAOATACAACTTTOTCTCAGAGAAACAATTroAATGACCCTGCGG 

GGCCTACGCAGATl3GCATCACCAAAG(m"CAGGATCTTrcTGACCA 

CAAAGGGTCAAAATCGACAAATOAlX:ATCaTGAGCAAGGACGACCA 

CCCGGTTAGTAAACCCXATCCGAAAGACCTTCAAACCAAAACAA^ 

TGTAOGAaCTQCACQAACGTrCAGAAaCAGGGGATrGCACITGGCCGG 

TCAGTGGATCTCTCAAAGTTCCAGAACTATSAGQACnTGGTTACTOAAT 

TGGATAGGCTGTTTGAGTXCAATGGAGAGTTOATGGCrCCTAAGAAAGA 

TrGGCTGATAGTTrACACAGATGATGAOAATGATATGATGCTTGTrGGA 

GACGATO[TITGGCLA.GGAaTTrrGTTGCATGGTrCGTAAAATCTT^ • 

CACGAAAGAGGAGGTCAGGAAGATGAA.CCCGGGAACrrcTATGCTOTAG 

GAACGAGGAAGAACCAGTTGTTGGGGAAGGATCAGATGCAAAGGACGC 

GAAGTCTGCATCAAATCCTTCATTGTCCAGCGCCGQAAACTCITAA 

SJEQIDNCIO 

MASSEVS3V4KGmGR.GENFSSAGYSDPIVAGEAQKTQSNRSVAAERYVl)PE 
AALYRELWHACA<^VTmiQDDRVFyiyQaHmQVEASTO 
YDU'SKILCRVINVDI.KAEADTDEVyAQITLIPEPVQDENSIEKEAP^^ 
FQVHSFCKTII^TASDXSTHGGFSVLKEIHADECOTTJJMSRQPP^ 

GVERAMRQQGmTSSVISSHSMHLO^^TAWHAlSTOTMFI^ 

SEFIVPFDQYTESVKINYSIGMREPiRFEGEEAPEQRPraTIVGIEDSDPTRW ' 
AK:Sin?v^SLKVRWDEITSn>RPDEVSPWKIEPALSPPALSPVI%(0»^ 
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LASSTPDSSMRlREGSSKA^I^mPLJPAS(a.SRVLQGQEYFI^ 
APENSVWQSSTDDDKVDVISA5EIIYENW15S 

mQHQIPFroKI^SFPSVAA3lK]I£DQIX3KiEYLANQmaaHSC^ ' 
PKVPAASDASFQGIGNPKTGEYAIJfRAVTimAAGN^^ • 

0<!DPAGPrQMASPK.VQDl^DQSKaSKSIM5HREQGRPEE«*^SEPHPKDV ' 
KTNSCESCTKVQKQG]ALGRSVDI^KFQNYEHLVTELZ)E1JPEFN 
KBWLrVTTDDENXiMMLVGDDJPWQEFCCMVH^^ 
CRNEEEPWCEGSPAKDAKSASNPSI^SAGNS • 
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Oaims 

1. A m«hod of modifying cell proliffixation in a plant which comprises fbe istep of 
transfDOTiing a plant, or plant propasating material, with a nucleic aeidaioleeulft 
comprising at least ot« tegulat^Mry sequence capable of diiectbg expression within £he 
imegnmems and/or seed coat of at least oae nncteic acid sequence whose expiesaidn or 
transcription pioduct is capable of diresctly orindireetly ffiodulating ceU pioliferation, 
whateby. on expasesaion of that aequeace. cell :pfolEfwaii<w is modified. 

2. A method accouding to claim 1 in which the overall size of Uie iMegnaieais/seed 
coat in the plant is xnodQfled. 

3, A mefhod aficording to claim 1 «- 2 in which th« ftmciion cf a gene or gene pixjdact 
that uromoies cell division is enhanced or the fiiactiott of a gaae or gene ptodact dui 
repiBsses cell divisioa is inhibited. 

4. A method aoco*dtog to ckim 3 to wHch ceU di^sion the iiitc=gu^pis/sc«l c:^^ 
is increased resnMng in a larger seed compared to wild type. 

5. A method accoiding to claim 4 in which the seed is at least 1596 laiger lhan wild 
type. 

6. A msflMsd accoKiing to any preceding daim in whicih the immber of cells in'the 
integuments/seed coat of the plant is increased compared to wild lype. 

7. A method accorfing to clapba 6 in wWeh tifje ntimber of cells in the 
iategu»«ata/seed coat of the plant h increased by at leai« 30% compai^d to wild typ*, 

8. A method according to claim 1 or 2 in which the function of a gene « gene padnct 
that prcroot6s cell division is inhibited ot the flinoiiQn of a gene prodact that i^sm 
cell division' is enhanced. 

9. A method according to Qaiin 8 in which can division fn the integmn«nf«feP^ ^at 
is decreased reStiltfaig in a Smallda: fiised ccalftpaied to wild type. 
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10. A aafiiikod according ckim 9 m ttx^ s^se<3 at least 15% smaller than -wild 
type. 

11. A method acccrdlxxg to clazxos, S, 9 or 10 in which. the AUz^bg?: of oells m the 
iQtegiiment&/s&ed cost is decreased ccroxpsidd to "f^d typ&. 

12. A lusthod according to claim lliA^vhki^t^ 
integuments/seed coat is decraased by at least 30% oozxipardd td wild type. 

13. A x£fAthod dccop&ig to ^ttiy One of ^slaants 1 to 12 in wMch growth, or deveiopmont 
of any part of the plant ottiear than the seed is Tiot substantially affected. 

14. A metbod accratfing to any pET&ceding claim ixt which the regolatory seqneiace 
iflcliides a pKraiatea:- ■ 



15. A msthod accofditi^ lA- itx which the promoter is a constitutiYc promoter, 

16. A x3aeth<Kj[ aE?ca?:ding to claini 15 in which the promoter directs gene e^^ression itt 
most 01 all cells of the platit 

17- A method according to clakn 15 or 16 in whidb. t&e promoter is the '3SSptomotet. 

IS. A msthod according to clamv 15 lA wjtdoh thfe pnomotea: is specific, direcCiBtg 
expissssiofl. es:cjti$ivi>ly otr prinKStdly in one organ, tissue, or cell iypij of the placit 

19> A method according to claha IS in wMch the prompter dk^cts expressioa 
excl^ively or pdta&^yM th^ btegomsaits or seed coaL 

20. A method accorditLg to claim 19 iu which the promotei'is expressed in the pre- . 
fbrtilizadon. iateguments. 

21 . A nzefliod according to olaim 20 in which the promoter is the promoter of t3ie MO 
or BEL2 gene. 
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22. A method accoiding to claim 19 to which t&eptomotar is expressed ia the seed coat 
after fexd^iiaa. 

23. A method according to claim 22 in wMcIi tite promoter is the ptomotea: of the £A2Vi 
TTi, m, 7TS, m2, or md" gene. 

24. A method aocOrdiug to asy preceding claim ia -which fhe nucleic acid setioence 
includes oc is derived from a gene inralTred in honnrae response, biosynthesis, 
tiauidocsMionB, or cs&est afijjacts of hcprmoae action. 

25. A method according to elaim 24 in wbidh the gene is MNT, IPTl, KxAROOS csr 
their orthologues. 

26- A method according to any one of claims 1 :o 23 in which the nudfidc acid 
sequence includes or is derived from a core cell cycle gene, 

27. A jftfttbod acco^diag to claim 26 in which die cots cell cycle gene i? CyCX>3;J or 
crCBl,-J or their orihologues. 

2S. A mdhod acconHng to any preceding oiaim in which tiie nudrfc acid is a 
transcriptionftoinvalvedinresuktion of theextentoriateof ceUprohfe^ ' 

29. A method according to claim 28 in which the transcripfion factor is AlVT or its ' 
orthologue. 

30. A method acoarding to any one of cLums 3 to 29 in wMch the fcaotioa of a gene 

that modulates cell pioKfearation is enhanced. 

31. A meihod accordhxg t6 daim 30 in vtliich transcription of the gen^ ia activated. 

32. A method accc^rding to ctoim 31 in which activation of HanScrfptioA zesults in 
inccesswd l^ivels «>f mRNA. aad/oi- psoteiii encoded by the gene. 
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33. A method acoarding to any preoedSug claim in which a plant promoter is opcrably 
linJocid to A <?<?dAXxg i^gipix of the seixe m the sense orientation. 

34. Amethodaccordiiigto anycmeofcIaimsS to33in wMcbtbefmctionofth^ 
is modu]at£d by opediably linking a.p1antjKi:omoterp> a nucleic acid fiagnienti^^ 
gene to form a ii&ciombinaAt nucleic ^cid m<?hciA^ dvch th^t sn wtisennise stcmd of BHA 
wiai be tooiBcrlbed. 

35. A method according to claim. 34, in which the futictioii of a g^nt is moiluJaied by 
intrOdttcing nucleic add segments of the gene into an appropriate vector such that 
doubk-sccianded ENA is transcribed where directed by an operably linked plant 

36. A method accoirdiag to clahn 34 or 36 iti which decayed levels of nsRNA and/or 
p£otedn encoded by endogenous copies of the gen& aire p£odu<;od. 

37. A m&thod ae^JOrding to ajiy one of claims 34 to 36 in which the levels of mENA 
and ^tein encoded by homologues of the gene axe reduced. 

38. A method according to claim 19 in wliich fimction of the gens is modulated by 
operably Knldiig a glaai pxojnotegr to a 'dominant negative' allele of the gene, whidi 
interferes ^^i&i the function of thfi ^fen^ product 

39. A method according to any preceding claim in winch the nucLoic acid seqne&ce 
coajipdses or is dftdved dther from wild-type MNT or a mutant form of mnt tar its 
oxthologues. 

40. A meliiod according to any preceding claim in vMch &e plant is fhith&t modiSed 
to maintain desirable chaxactedsttes in other parts of the plant which i3iay have been 
lost or naodiSed a^ter the transforma'tion st&p, 

41. A method according to claun 40 in which the desimble charactedsttc is; fettility. 
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42. A methoi acconSing to claim 41 in which w5M type MNT ftmcjioa (ot fiwcfion of 
IvJDSnr orthologua) is restored to petals and stamens of a transfonned plant at an mm 

mutant plant such that Seeds have a saodified phemotype but fesftaity is aot impaited. 

43. A method according to claim 42 in which th& promoter of a gene that directs 

. expression in petals and aiamenS but not Caipfela is opferably hnked to the wiXd-iypB 
iWWr gene or an ACVT atth<dogue. 

44. A aicfeod according to cOaim 43 in wHch the promoter is the promoter of the APS 
gene. 

45. A niBfiiod according to any preceding claim in which flie plant is 
monoco^ledonous. 

46. AmelhQdaccordinj:toclahn45inwhichtheplantisacacopplant. 

47. A method aCCOidiiJg to CJaim 46 in which the plant is Tritcwn spp (wheat). Oryza 
sa^a (lies), (maize). HonW 4pj*. (faadcy), S^aOe car^U (j^ye). Sorgho 
bicolor (sorghum), or PemUsemm gUcucum. (pearl millet). • 

4a. Ametfaod accoidingta any one of claims Ito43 m which die plant is 
dico^edonous. 

49. A method according to claim 4S in wMch the plant is Brassica neqms (oil seed rape, 
canola) or any oih&f Brosniaa species used to product oilsfteds (e.g. Bmssica caHnata), 
Glycine max (soybean). A^acAw hypo^ata (peanut), Heliamhus onmais (suaflower), 
Phas^olus vuli^aris (e-g. kidney bsan, white bean, black bean), V£ticJ j&Adi (broad bean), 
Pisum. sativum (green pea), Cicsr arUtimm. (chick pea). Lens culinaris aefflSl), or 
Lmm Ksitatissmmm (£1U«, Iia$«d>, 



0. A plant which ittclud.es a ntideic acid molecyle wmprisdng at least one reguktoiy 
sequence capable of directing expeessfoin within tfie integnments and/<ir seed coat of at 
least one nucleio acid sequence whose expression or transcription product is capable of 
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directly or indirectly jnotlulating cell proliferaticm, whereby^ on expocBSSioxs of that 
&e<iuen<ia, Cell proIiftjiatiOA is Eacdified. 

51. A glaat accotding to daiai 50 in which tfas overall dze of the intfi;gumeiics/j3*ed coat 
iti the platitis sftodfiSed. 

52. A plant accordiz^ to claim 50 or 61 in which ths functioa of a g&osf or gene product 
thai promotes ceJl division is eahanced or tixe ftmction of a g^ase or ge^e pioduct that 
represses cell d3*visiozL Ss inhibited, 

53. A plant according to claim 52 in which cell division in tlifi intsgmnfeats/seed coat is 
increased resulting in a larger seed compared to wild type. 

54. A plant according to claim 4 in which ih& B&td Is at least 15% larger ihan wild tppe. 

55. A plant ac?corfixig to aay ojae of tdaims 50 to 54 in which the mahesr of cdtk in the 
iT3i&guxn&nt$/5£?&d coat of th{; plajit is: inoreasc^d ootAp^xed to vi^ld type. 

56. A platit according to claim 55 in which the nnnibea: of cells in th& iiitagiiinfiat$/&e6d 
coat of th& plant is icicaafcased by at least 30% oomp^d to wild ryp?, 

57. A plant according to dmm 50 or 51 in which the functioa of a gene or gene piodnci 
XMX p?cOmOtJ^$ ceK division ioiiibiited Or the function of a gene product that represses 
cell divi$iOi]5 is qjjrfjanc^jd- 

52 . A plant according to Claim 56 in whidx c&U division in the integnmfi&ts/s&ed coat i& 
d&ax&seid r&suJimg in a ^mallear cCsnpazsd to ^Id lype. 

59. A plant accotcding to daim 5S in which the seed is at least 15% s^Her chatjt 'wild 
type. 

60. A plant according to claims^ 57* 58 or 59 in which ths nmnbea: of cells iii ihfr 
integuments/issed cost is decreased eompar&d to wld tjipe. 

61- A plant according to claim dO in. which the number of cells in the intBgimieaits/^eed 
coat is decreased by at least 30% COittpactd to Wild type. 
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62. A plant according- to any Ons of claitos 50 to 61 in wbicfa growth Or deveiopjOteot of 
any pm of ili4 plant othac i&aa the seed is not snbstantiany affected. 

63. A plant according to any one of claims 50 to 62 in which the legulatoiy sequence 
includes a proniofBr. 

64. A plant according to olaiia 63 in whfch tbfejpfoaiotea: is a constitutive promotef. 

63. A plant according to daim 64 in tviaiA liis promoter directs gme expression in 
most or ccUs of the plant. 

66- A plant accordktg to claim 64 ot 65 in wMch flie ptomotef is tbe SSSpamuytex. 

67. A plant according to claim 64 in which the proraotear is specific, diiecting 

^ &Xp}^oa fistdusively or ptimadly in one organ, tissue, oc cell type of the plant 

68. A plant according to caaim 67 in which the promoRsc directs estpisasion exclusively 
Of pitiniaxily in the int&gumaits or seed coat 

69. A plant accordiag to claini 68 in which the promote is csxjMB 
fertilizafion integumonts. 

70. A plant according to ciaira (54 in wMch the promoftaris the p!rtm«^ 
BEU gene. 

7 1 . A plant according to claim 68 in which ±e promoto is ©jqaessed in flie seed coat 
after ferfijizadon. 

72. A plant according to claim 71 in which the promoter is the prociotea: of tiheSAiV, 
m» 772. 7T8, Tn2. OrTn$s&VS- 

73. A plant according to any one of claims 50 to 72 in which the nucleid acid sequence 
includes oris derived ftom a gene involved in hormone response. biosynUiesis, 
translflcaiion, or o&sr aspeets of hormone actiDn. 
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74. A plant acfiorfixj^ to olaiiii 73 m ^Wohthe geaeis MNT, IFT2, k^tARGOS ortheir 
Ortbologueis. 

75. Aplanta«ordingtoaiiyQiieafclaims50to72mwluchtteiiacl^^ 
iiiclades or ia dfirivssd from fl. eorfe fieU tfycfc gen& 

76. A plant according to claim 75 in ^hich Hie core ceSl cycle gene is CrCI?^;i or 
CfCBhl OBrthdrtKrthoIogtes. 

77. A plant according to any one of claims 50 to 76 in which the ntad^s add cDcodes a 
tcap^c^tiQn fector mvolved in regulation of Ite ertHrt or ikte of cell ptalifemtioa. 

78. A piaat accoxding to claim 77 hi which the trtmscdptiaQ factor is ANT or its 
oithologijie. 

79. A plant aCCOidiug to any one of Clainis 52 to 78 hi whiafa the flmction of a gene that 
iHodalatftS ocll piolifeiatioa is ftnlianCBd. 

80. A plant accoiding to dahn 79 m wbigfa tainsaiption of the gene is activated 

8 1 . A plant according to oMm SO in v/bich activadon of transcription results in 
increased kvels of idBNA and^or pxoteui encoded by the gene. 

8S. A ptot «cMrtiing » any one of -dldms 50 to 81 in ^ifih a plant pronwter is 

S3. A plant acooiding » «»y Onfi of Clam^ 52 to S2 in which the funclion of gene is 
modnlated by introdudrig a nucleic add segments of the gene into an appropriate 
vector such that double-ataanded ENA is transcribed where directed by an opdrafciy 
Hnked plant promotes^ 
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S4. A plant according to claim 83, in whidi tfe ftonciion of the is sifidalated by 
qperably linMng a pla^tpcomoter to a nucleic ax^id segment from the gwe. and 
intrcduoing th^ Insulting recoinbinant ^ucteic «ad into an ^^riate Vecto such that 
double-steanded HNA is transoibed. 

85. Aplani accardiag to efe™ 83 ox S4 in which decreased levels of mRNA and/or 
protein encoded by endogenwa copies of tiiegtsne arcprodnced. 

86. A plant acconHng to ai^ one of claims 83 m 84 ia wiwib the fc vrfs of mItNA and 
proteia encoded by homologues of Che gene are reduced. 

87. A plant according to claim 6S in which the f nncticm of the geat is iswAiIaied by 
operable links a plant promoter to a 'dousiimt negative' aJlfite of the gene, which 
interfefes with the fiinction of the gene product. 

88. Aplantacooidingtoanyoneofckiins 50to87ia which the nacleicaddsequenfic 
cooipiiaes or is dfirived eiliier &on» wild-type ifcDVT or a mutant foim of wmr or its 
oitiiologaes. 

89. A plant according to any of claims 50 to 88 in which the plant is fnrtfcer 
modified to aiaiatain desirable ohai-act^^tics in other parts of the plant which may 
haws beeai lost or mo^ifieti after the transfannadon step. 

90. ApIantaccordingtoclaim89h.whichtiu»de8iiablectoteriatiei^ " 

93 . A plant acewli^g to claim 90 in which wild type MNT function (or the fimction of 
an MNT orlhologne) h restox-ed to petals and stamens of a transfoW plant 
mutant plant such that seeds have4ms>difiedphenotype but fertiHfy is not'impai^ 



92. A pimt ^coxtimg XO dton 91 in which flie protaoter of a gene ±at directs 
e^tpression in petals s^d^ra^s b«t not caipels is operably Knfced to a wiM type AfJVy 
gens or an M'/T'cathologiae. 
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93. A plant aceotdang to claim 92 ia wMdh ih& pmiaot&i i& tfeaptomotfia- of tlaft-APS . 
gene. 

94. A plam according to any one of claims 50 to 93 in which plant is 
mouocotyledonows. 

95. A plant a<xoidzng to <daim 94 m which tbdpl^ 

96. A plant according to Oldm 95 in Which die plaat is Triicum spp (WheatX Oryza 
sativa (liCe), Zea mays (jxxaisse), Bardeum ^j^. (bsxley), S&Calis CGrsah feye), Sorghwn 
bicolor (sojcgh'Um), Ox Psnnisetum glcsuaum (ptBA miDftt). 

97» A pltot aceorfiag to mxy otio of claims 50 lo 93 which the plaat is 

98. A^plant accQjcdtog to olaim 97 in whid^ the'plant is Brassioa napus (oil seed rapei 
Cibola.)* Glycol^ max Csoybean)^ AJtachU h^pogaaa (peanut), Helianthus mnuns 
(sujiClower), Pha^solus ')tulgans (e»-g» kidney bean, wliife bean, black bean), Vicfafaba 
(bvoad bean), Fisum sqiiv^m (goaen pea), Cic^r an^itmm (chiiOk pea^ t&n$ cuUnatis 
(lentil), or iMiiGn usitatissimum (flax, l£n&&dd)i 

99. A tA^ithod fo?c?Puodifying cstU proliferation in a plant which comprises the step of 
modulating the i^ponse of the plant to an a'a)dn in 'v^bdcb Cell pcolif sration ig lAOdiSed 
to prodnce laiger Or sxnafl&r sfieda than wild-typdu 

IOOtA xo^od accoirding to dalrn 99 in which tXie response to an auxin is modulated by 
alteiiag *e expressioa ctf an auxin response factor^ 

lOI .A method according to claim 100 in which ths auxin response factor inhibits cell 
division. 

10:^. A method according to cMm IQl in Which th^ ^)an ze^pOusei factor inhibits cell 
dtvlsiod in the iateguments/seed coat 

• * • 

103.A meEhod accordbg ia daim 102 in ftUch the auxin respoosei factor is 
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ejqprsssion of the auxin response facij?i: i$ iiilljKbi^ 

105-Amefcod according to oLdm 104 in which tfee Jiuncfion or expression of the 
aaxflkty,*5p<w^f^to:fe Sp^raficallyinlrabitedmthciategumcnfe'seedcQatofthe 

106. A mettod according to any one of claims 99 to 105 in which a gene cncocSmg the 
awdn response factor is modified so as to afibct eKpiBStdon of ffae factor. 

107, A method according to daim ipg in. wbich.the gene is MNTca an onhologne 
rhftfeof. 
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Seeds 



This i^veation relates to anlethod for laodif^ 

compdses the step of tf a»sfo*ttmg a plairt, or plant propagating material, v^iih & 
raicjeic acid moleculB comgdmg at toast one legulatoiy sequence capable of 
dicectibs ascpressito s»ift«n fee iateguments wdtor seed coat and at Iftast rais 
mislejc add sequence whose espressim <a transcriptjon prodnct Is capablft of 
dlrecfly or indirectly modiflaimgcell proliferation, whcicKy on es^pwssion of that 
mcMo acid seqpenw ceU pwlif «alion is modMed. The invention also i^kMs to a 
ptont wMdi includes a nacleic acid molecule comprising at least one fegolatoxy 
sequence capable of directing ej^piession within intftgomente and/oc seed ooat a^d «t 
kast one nncteic add seq^ience whose expression or tans«iptjofl prodoctis capable 
of dtectly or iBdireofly modulaiBd cell proliferaJian. ^reby on fflspression of that 
aucleiG acid aequmc^ oell proliferation is modified. The inv^tiott abo relatesto 
raprodncible plant nwa«rial including a nunteie add moleoale comprising at least 
one regfllatory sequence CBpOA^ of dSrectrng es^aessian witbinmt^ments andAtf 
seed coat and at least one nndeid add seqnenw whose exjttessiou Or transcription 
pwilict is capable of directly or indirectly modalated cell proliferation, whereby on 
ffltjnessian of thatnndde toad sequence cett proliferation is nwdlfied. 



According to another aspect of the invention, there is provided a method for 
modifymg cell prolifferati<)n in a plant which, conjprises die step of madM^ the 
response of the plant to an anxin in which cell proliferation is modified to prodooe 
laigsr oar smaUer seeds tiaan wild-tjfp^- 
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Figure 2 

2A Mature w.t and mnt-1 ovules 
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Chalazal endosperm 





w.t. 7DAP 



mnt-1 7DAP 





2xX6xSDAP 



withers & Rogers 



Fax:44117g253530 



25 Mar '04 17:24 



F.Ufo/4b 



Figure 4 

4A IEnd|os.peiimi-jbcl 
growlli 




fiig ca«f*y normal 



smalt 




4& rnte^urnentiaed 
growth 




big cauKsiF nonmat 




C242SX.4X 2!4X2k 





4c "Big bag^iiyp^the;gi5: 
seed £ifTci emi^iro size set 
Sly size ot th^ seed CigiVil^ 




bJlthers 8. Rogers 



Fax:441179253530 



25 Mar '04 17:25_ P.07/4b 



6 [4-^ 



Figure 5 

Allelism of mnt-1 and Salk insertion line 108995 
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Figure 6 

Alfgnment of w.t MNT and mutant mnt-1 cDNA 
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Figure 7 ^ . 

Alignment of w.t MNT and mutant mnt-l protein 
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Figure 8 

AJignment of MNT and BnARF2 cDNA 
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Figures 

AHgnment of MNT, BnARF2, OsARF2 proteins 
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Figure 10 

Vectors used for cloning 
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Figure 11 

Cloning strategy. Example 3 
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Figure 13 

Clofn'ng strategy, Exampfe 4 
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Cloning strategy, Example 5 
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Cloning strategy. Example 6 
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Cloning strategy, Example 7 
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Cloning strategy,, Examples 5, 9 
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Cloning strategy, Exampfe 10 
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Cloning strategy, Example 11 
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Figure 20 

Cloning strategy. Examples 12, 13 
Exa mples 1 2a, 1 3a 
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Figure 21 

Expression cass ettes to increase seed size 




TTS::GUS Kne 12 
meajowt 15.1 p.g 




TTS::CYCE>3;1 line ll TTS::CyCD3;l Em 
mean wt 2$.2 jlg mean w£ jtg 




TTS::CYCX>3;1 line 19 
mean -wt 22.5 ^ig 



TTS::JFriline3S 
mean vt21.S fig 



TTS«IFniiae2S 
mean wt 33-4 jig 






TTa:!lFTlIine32 
x»ieanwt20.8iig 



TTS-.ilPTl line 40 
meaaivt 30.6 Jig 



Distribution of seed weights in TT8::GUS (control), TTS::CYCD3;1, 
and TTS::iPT1fantilies 



10 

6 
4 
2 
0 















ui 










i 








■ TTSiiQUS 

fflTT8::CYGD3;1. 

0TT8;:1FT1 



10 1-12.6-15.1-17.6-20.1-22.6-25.1-27.6-30.1- 
12,5 15 17.5 20 22.5 25 27.5 30 32.5 
mean seed weidhi 



Ulthers & Rogers 



Fax:441179253530 



.?.5-..!!lar__'0.^ _. iZlfS P. 45/46 



Figure 22 

Cloning strategy, Example 14 
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